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IMIDAZOPYRIDINE DERIVATIVES AS KINASE INHIBITORS 



The present invention relates to novel imidazopyridine derivatives, to processes for their 
preparation, to pharmaceutical compositions containing them and to their use in medicine. 
5 More particularly the present invention relates to novel imidazopyridine derivatives which are 
inhibitors ,of l<lnases and in particular of mitogen and stress activated protein klnase-1 
(herein after referred to as Msk-1) and or Rho-kinase 1 and or 2 (herein after referred to as 
ROCK 1 and 2). 



10 the activation and modulation of intracellular signal transduction pathways. One of the major 
signal transduction systems utilized by cells is the MAPK signalling pathways. These 
pathways share a common architecture, consisting of a cascade of protein kinases that are 
sequentially phosphorylated and activated, resulting in the activation of a MAP kinase 
(MAPK). Three MAP kinase pathways have been vvidely characterised: the Erk pathway, 

15 which responds to mitogenic stimuli and results in activation of Erk, and the JNK and p38 
pathways, which are commonly associated with transducing cellular stress signals and result 
in activation of JNK and p38 MAPK. 

Mitogen and stress--actlvated protein kinases 1 (Mski) and 2 (Msk2, also named 
RSKB or RLPK) constitute a family of kinases that can be phosphorylated and activated by 

20 either p38 or Erk. Msks are reported to be localized exclusively to the nucleus, and are 
responsible for the phosphorylation and activation of the transcription factor CREB in 
response to certain stress stimuli. In macrophage and monocyte cells, Mski is involved in 
CREB-mediated transcriptional regulation of IL-lp and Cox2 in response to bacterial 
llpopolysaccharide. In addition, Mski can also phosphorylate the nucleosomal proteins 

25 histone H3 and HMG14, and thus may have a critical role in linking cellular signalling 
pathways to chromatin modification and modulation of transcription factor complexes. 



An important mechanism by which cells sense and respond to extracellular stimuli is 
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inhibitors of kinases in the Erk IVIAPK cascade have been suggested for use in the treatment 
and/or prophylaxis of disorders associated with neuronal degeneration resulting from 
ischemic events, including cerebral Ischemia after cardiac arrest, stroke and multl-infarct 
dementia and also after cerebral ischemic events such as those resulting from head injury. 
5 surgery and/or during childbirth. Since Msks are activated by Erk MAPK. Msk inhibitors could 
serve a similar use. Although Msks are only one of a number of Erk substrates. CREB Is 
involved in many different transcriptional activities, and Msk-mediated CREB 
phosphorylation could play a role In some cancers. In addition, through modulation of 
production of pra-inflammatory cytokines such as IM P and prostaglandins. Inhibitors of 
10 Msks could be of use In treatments for neuroinflammatory diseases such as stroke, multiple 
sclerosis. Alzheimer's disease. Paridnsorfs disease, amyotrophic lateral sclerosis and 
inflammatory pain, as well as other Inflammatory diseases such as rheumatoid arthritis, 
irritable bowel syndrome. Inflammatory bowel disease and asthma. 

Another of the major signal transduction systems utilized by cells Is the RhoA- 
15 signalling pathways. RhoA Is a small GTP binding protein that can be activated by several 
extracellular stimuli such as growth factor, hormones, mechanic stress, osmotic change as 
well as high concentration of metabolite like glucose. RhoA activation Involves GTP binding, 
confomiation alteration, post-translational modification (geranylgeranylllzation and 
famesylatlon) and activation of its Intrinsic GTPase activity. Activated RhoA is capable of 
20 interacting with several effector proteins Including ROCKs and transmit signals Into cellular 

cytoplasm and nucleus. 

ROCK1 and 2 constitute a family of kinases that can be activated by RhoA-GTP 
complex via physical association. Activated ROCKs phosphorylate a number of substrates 
and play Important rcles In pivotal cellular functions. The substrates for ROCKs include 
25 myosin binding subunit of myosin light chain phosphatase (MBS. also named MYPT1). 
adducin. moesln. myosin light chain (MLC). LIM kinase as well as transcription factor FHL. 
The phosphorylation of theses substrates modulate the biological activity of the proteins and 
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*us provide a means to aHer cell's «sponse to externa. s«mul,. One we« documented 
exampte Is me pa,«cipa«on of ROCK in sn»om musda contraction. Upon stimutetlon l>y 
phenylephHne. smoom musde from blood vessels conWcU. Studies have shown «,a. 
phenylephrine stimulates .adrenergic .emptors and teads to the activation of Rho^ 
Ac««ated RhoA in turn simulates Kinase activity of R0CK1 and which in turn phosphorylates 
MBS. such phospho,yla««.n inhibits the en^me acUvlty of myosin light chain phosphatese 
and increases the phosphorylatton of myosU, «gM chain Itself by a caldum^ependan. 
n^sin light chain kinase (MLCK) and consequen«y increases the contractility of myosin- 
actm bundle, leading to smooth muscle contracUon. This phenomena Is also sometimes 
oa«ed caldum sensitization. In addltton to sn»oth muscle contraction, ROCKs have also 
been shown to be lm»lved In cellular fundtons Including apoptosls. cell migration, 
.ransalpaonal aClvaUon, fibn^sis, cytokinesis, inflammation and ceU proHferatlon. Moreover, 
in neurans ROCK pteys a dttoal role In the InNbitton of axonal growth by myelin-assodated 
inhibKory factors su* as myelin-assodated glycoprotein (MAG). ROCK-actlvlty ateo 
mediates the collapse of growth cones in developing neurons. Both processes are thought to 
be mediated by ROCK-induced phosphorylation of substrates such as LIM kinase and 
myosin light chain phosphatase, «sul«ng in Increased conUactillty of the neuronal acUn- 
myosin system.. 

inhibitors of ROCKS have been suggested for use In the treatments of a variety of 
diseases. They Include cardiovascular diseases such as hypertension, chronic and 
congestive heart failum, cardiac hypertrophy, restenosis, chronfc renal failure and 
^sderosls. In addition, because o, Its musde relaxing properties, it Is also sultobte for 
asthma, mate erectile dysfuncttons, femate sexual dysfunction and over-active bladder 
sy«l,ome. ROCK Inhibitors have been shown to possess antHnflammatory properties. Thus 
5 they can be used as treatment for neuraWammatory diseases such as stroke, multtpte 
sclerosis, Alzheimer's disease, Parkinson's disease, amyotrophic lateral sderasis and 
inflammatory pain, as well as other Inflammatory diseases su* as rheumatoid arthritis. 
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.owe, synd^^e, «n.na.o„ bowe> disease. . .n ac<d«on. .ased on *e,r neuH. 

indudng n«. axona, growth and axon- re^ a=«>ss testons ™Wn .he CNS. ROCK 
inhibnors are merefore ^ to be useK,! ..r regenerath-e (recovery) UeaUnent o. CNS 

, al^rs such as ...na, cord Injury, acute neurone. ,*ry (sUoKe. *auma.o bra,n Injury,, 
Par^nsons dU^se. A^eimers d^ and o*er neurodegene,a«ve disorders. Srnce 
ROCK InhU^rs reduce c«l. pro«e««on and mlaraUon, U»y could be useful In .reaSng 
oancer and *,mor metastasis. Furtf^r more, there Is evidence suggesting that ROCK 
InhtbSors sup^ cytosKetetal rearrangen^nt upon virus In^lon, thus they atao have 

,0 po.en.^l*e,.peu.^va,ue^an..v.ra,ar^an«-bac.edalapp«ca,ons.ROCK,nh,bl.orsa™ 

also useful for the treatment of Insulin resistance and diabetes. 

WO 97/12615 teaches novel 2-heter^-yl ben*nldazole dedvetlves. which are 
inhlbitoiB of the specific lipoxygenase enzyme 1 5iO. 

we have now «enWed a group of r»vel Wdazopyddlne der*««ves wh«, are poter* 
15 inhibitors of the protein Kinase Msk-I and or Rho-assodated idnase 1 and or 2. 

T,« present lnven«on thus provides compounds of tt« general f<Kmula (1) 

R2 

(I) 

. andphysiologicallyacceptablesaltsandorN^xides*^^^^ 

Xi is N or CRs^X. isN or CR4; X3 Is N or CRs". X4 is N or CRs. 
20 ..ththeprov.sothatat,eastonebutnota.orethantwoofX.X.X3andX.representsN. 

R, is a 5.. or 6- rr^embered heterocyciic group selected from group a. b. c or d 
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^11 

Xe X3 

(a) 

. OB or,Hy is a aroup selected from O.S or NRa; 
wheremXaisagroup selected fromNorCR. andXe .sagroup 

"A 

(b) 

different is a group selected from N or CR9; 



wherein X7 and Xe which may be the same or 
5 




\wherein X9 is a group 



(c) 

selected from O. S or NRaand Xo is N or CR10. 




(d) 



■ -.nx X andX^maybethesameordifferentandselectedfromagroupNorCR.; 
10 wherein X11, A12 ana Ai3 1 ""oy 
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SO^S<,. CONR„R,„ NR„COR,. Oa«<NRl9R20. SalkNRl9R20or NR.rSO.R,. 
groupl; 

R. R. R..R..R,.R.,R™ and R., independency represent a graup selected tan, 
hydrogen, halogen, hydroxy. R.^, R,^(0),. NH.. R„NH. R..R»N. ni.ro. fonnyi. C 
5 ^.i^noyt. *enyi (op«ona,iy sul>stnuted by optionaiiy s.*s.in*d phenyt, heterocydyi. or 
heteoaryO. carboxy. op«onaiiy su.»«tu.ed phenyi. heteroa^i. ^doaiKyi. cydoaiKytalRyl, 
aryioxy.he.e,oa,y1o,<y.lnetemoydyl,CONR„R,.NR„COR,..SOrf.R»R«.NR„SO^,^ 

CaiKyi lopuonaiiy substituted by a group seieoted *on, optionally subs«U«ed phenyl. C 
^doalkyl. heteroaryl. heterocydyi. NH. R,^H, R,.R»N. a^amino, hydroxy. CONR..R,.. 
,0 NRUCOR,^ SO.NR,J.,. . NR,,SO.R.. Oall*<Rl9R20. or SalKNRigR^groupl; 

R„ and R„ independently represent a group selected from C« aikyl. C«<,rdoa«<yl. C 
^doaiKyia«<y.. aryl. aralKyl. heteroaryl, hete^arylalKyl. hete^cydy- or heterocydylaW; 
Y represents O, NH.NR12 or S(OV. 

R„ represents aryl, heteroaryl. cydoaM. heterocydyi or C,^ lopHonally 
1 5 subsututed by a group selected from op«onal^ subs«tu.ed phenyl. C^M, he-eroaryi, 
heterocydyi. NH. R,.NH. R,J^N . acylamino, hydroxy. C»NR„R,.. NRuOOR^ 
SO=NR,^« , NR,TSOrf^,.OalkNRl9R20. or SalkNRl9R20 SrauPl: 

R,3 represents an alkylldene group whk=h may be substituled by an aryl. hel«roaryl. 
heterocydyi or cydoaM group or R„ represents a cydoaiKyiidene or hetero^oalM^ene 
20 group. 

R„ and R. independently represent hydrogen, aryl, heteraaryl, cydoaikyl or C^W 
[optionaiiy substituted by a group selected from opUonaiiy subs«tuted p.«nyl, C^doalicyi, 
heteroaryl. heterocydyi. NH. R,^H. R,JW^ , or acylamino group] or R„ and R,s together 
v^th the ninogen atom to whid, they attad^d fbm, a 4-7 heterocydic Hr^g whid, may be 
25 saturated or unsaturated and opttonally contains another heteroatom selected from O.N or 
S(0)„; 
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R,. and R« i„depe„den«,«presea. heW^ary., ha.erocyo^.cydoa.M or C 
top«ona,V subsumed by a g~up selected op«cna,^, sub,«ed phen>.. C 

Helena,., he.e.o=yd.. NH. R,^a K.^ ■ or acy^mlno group, or .he .roup 

NR„R„ whe^in R» ^0 R-» •«« «" ■^'^^ 

R„represente hydrogen, aryl, heteroa-yl. hete-ooydyt. oydoalM or C.^«cy. 
[op«on^V subswuted by a group se,e<^ ^ op.ona«y subsU.u.ed phenyl, C^doaM. 
heteroaryl, hete-ooydyl, NH. R.^H, . « acylamlno group]; 

Alk IS a C 2-4 straight or branched alKylene chain 

n iszero, 1 or2. 

,.v.,lbeapp.«,a.ed««.anyof«»»ubstl.uen.sR,.oR» as defined In fom,uM1) 
abovemaycontalnat^oneasyn^etHccenterandlt^tobeunde^tood thatthe 

,„ven«on Includes all possible enan«on,e. arislr^ ^ and n,bdu»s «»reof Inching 

racemates. 

The term a»<y. as a group or par. o, a g^up e.g. a«»>xy. a,M«.io. alK,len»no 
,5 .dIalKylamlno. opUonally substituted alKyl e.g. amlnoalM. cyc^>Ma.Ky,. araXyt, 

^^IKy. or ha^rocyCyNM refers to a C. s^.ht or b,an*ed chain a*^ gn,up. 

The iem halogen Includes fluorine, chlorine, bnxnine or lod,ne. 
T^.er.a,ylasag.uporparto,ag„.pe.g.arv^.ara«<yloraryU«-norefersto 

an op«onally subs««,ted phenyl or fused bicycllc aryl group e.g. naphthyl. 

The tenns aryl, op«onal^ subsmu.ed p,«ny,. he.e,oa,^. C 3-7 cyCoalKyl as a group 
o. par. Of a group and 4-7 numbered heferocydy, as a g^up or par. o, a group deludes 
such groups which a. opUonally subsUtuted 1 to 3 subs«tuen.s which may be «« same 
or dlfferen. and selected f^n. halogen, aryl. he.eroa^, he.e,ocyc^a,M. hydroxy, alM. 
alKoxy, tHfluoroalM, an*.o. alMamlno . dlalkylamlno, arylantlno, heteroarylamlno, 
25 he^-ocydy^mlno, acy.n,lno, an^noa^, aMan*»-M, d^Kylao-noalK,, ac^lnoalKyl, 
aryan-lnoalM. he.e,oa,y.an.noalky., cyctoalKylamlnoalKyl, he.eroc.ytan,lnoalM, 
Mro-cyaM, CONR, J.,. CH2C0NR,J.,. carboxy, carboxamldo, alkoxycarbonyl. 
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amlncalKoxy, dialMaminoalkoxy, acyiaminoalkoxy .sulphonamido. aa*»sulphonyl. oyano, 

ni.ro. R„0 or R.,S(0). wherein R. is a group select. *»m aM, ar,.. hete^ary. or 
hete,ooyc.y<alkoxyandnlsze«.,oneorw«..oreachof«,esaidfl.«upsfor,npar.ofaftised 

bicydlo ring system containing up to 10 rtng .r«n,be„ and >^1ch is a. leas, partlaiiy 

5 saturated. 

The term heteroaiyi as a g^P or pan of a group e.g. heteroaryloKy refers to a 6. or 6 
membered ring or a fused 5.6 or 6.6 blcydlc ring system. 

When heteroaryi ^pmsente a 5 membered group I. oontoins a heteroatom seiected from O. 

N or S and may op«ona„y »ntoin a *,r*»r 1 to 3 nitrogen atoms. Examples of such groups 
10 Include furanyt. mienyl. Isoxazolyl. oxazolyl or Imldazolyl. 

When heteroaryl mpresenU a 6-membered group i. contains from 1 to 3 nl«,gen 

atoms. Examples of such groups indude pyridyl. pyrimklinyl. or Wazlnyl. 

The tem, 5.6 fused blcycUc heteroaryl group ..fers to a group in which 5-membe,ed ring 

conteins an oxygen, sulphur or NH group and «,e 6 nr«mbered ring opSonally contains from 
15 1to3nitroflenatoms.Exampieso.suohgroupslncludebenzofuranyl. benzoWenyl or 

indolyl. 

The tern. 6.6-fused blcydio heteroaryl group refers to a bicydlc heteroaryl group 
Which conteins a. leas, one niirogen atom in one of the rings and may contain upto3 

niirogen atoms In each ring. Examples of such groups Include qulnoiinyi. Isoqulnollnyl or 
20 naph«,yridinyl ateo the torn, 6.6 fused bicydlc heteroaryl group refers to a e-membered 

heteroaryl group which is fused to a partially saturated c3rbocydlc group. Examples of such 

a group includes tetrahydroquinolinyl or tetrahydn5isoquinollnyl. 

The term hetenx^i as a group or part of a group e.g. heteroc^dylaikyl or 

hete,ocydylalkylKlene,«terstoa bridged heterocydic group or a 4-7 membered 
25 heterocydy, group which Is llnKed to *e res. of the compound of fomrula (1 ) via a carbon or 

nHTogen atom In ^ group and whi* conteins one or W» hetero atoms seleded from N, O 

or SlOV and when the heterooyc^l group contains a ring number NH or the heterocydyl 
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,„upissu.*teaWap..a,Vors«^a^a*o«™up*e„.he.™a>so.n*.esN- 

a^ ,ncK«.es brtdged .e««,^.^ Hxa^p^ of such ^oc^ ^ 
,„c,u<.e opt^na,. PV™*-'- P'P^^™' -"--P'P^-'- 

5 Womon.ho.lne and (^yl-8^-Wcy*I3.2.1lo«*yl>amlne 

tem, cydoalM as a fl«.up or part of a group a.fl. cydoalKylalM or 
cydoalKylldene refers to a 3-7 n«.nbe,«d carboci^lc group. 

^ ^ fused «oy* ring sysfen, contain^ up to 1 1 log numbers and whK^h 
^pa,,.,.sa..tod«udes=ar..ocy*and.etorocy*e,5Aea„de.7.^*d.^^ 
.0 ^„».E^eso,suo.e.. a™.e.ac3r.»oy..H„gsys.n«,n*de..osev.e.«n.e^ 
Joy*H,.oon,pHsesa.n»neHngnrsedtoa s-, e- or -merr^e^ ca^* - 
.a.^par«a„ysau^tode.g.— nepn..,.ndan.or,nder^.^P- 
e a 6 6 o, 6.7 ,«««y..o rtngs ,nCude mose therein one Hng ,s benzene w.* « n«ed to 
Js 6 or 7 n^n^bered dng contoMng one or .«o hetoro atoms se,ec.ed *on. O. S or N e.g. 
15 indounyf. ,soindo«nyf. 2,3-d.hydro.1H.Wndo.a^. d«,yd-oben«>fu,any., 

a.hyd.ober-'h'eny.. 1.3*enzod,oxo.y,. ben«>pyrro,y,. 1.3*enozodimW,1.4- 

. .. ~,i™-9'i<l5-teliahvdro-1H-benzo(olazepin-6-yl. 
benzodloxanyl.chnonnanyl,ohramenylor2.3.4.Wet.at,yo 

^tonnaoy,asagrouporpa,.of.heac^n„nogroup,e,erestoana^oy,.a,»y,, 

aralkanoy.. afKoxyoarbonyf. aryloxycarony. or aralkoxycarbony. group. 

Tbe compounds of tom,u,a (.) torn, s^fs * Inorganic and o,an.c acU>s and me 
,nven.^,„c.udessu*sa,.sfon™dv^pM.otog,ca,>yacceptob,e,no^an.candorga^^ 

■ The impounds Of fom-uMO. form N^^des. Thus, compound of tom,u,a(.) 
«^,„X,>sNo,>..sNfon,«anNc.deand««,nven«o„"ud»sucb compounds^ 
Ap^erredc,assofcompoundsoffomK^(.)a,emosewhe,^non.yoneofX„X.. 

X3or>.,ep,esen.sN.W,U,,nm.sc,assconven.n.,>.or><3rep.esen.Norn».par,.cu.^ 
Xs represents N. 
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A,urtherp«fer«<. dass ^ con^nds a« tt-ose therein X. and X, each 

"^Lr^ C^- ..compounds Con^ula („ a« mosa ^a^ R, .s a a^up 

selected from (c) or (d). 

Ap^faradg^upofcompounds ac»rd,ngtotha,nva*na«mo»of*.m,u,a(,) 

wherelnX, Is N ,X, is CR,X, is CR4 and X4 is CR.. 

R, ,s a ^ c v*e,«.n X, is O and X.o is N ; Wi*in group a prafa^d Cass are »»se 
«Ha,^n R,is hydrogen , op«ona«, subs«Wed aiM. aryi. irataroary., C^oa..^ or 
heterocyclyl. 

0 R,„p,esentagroupsaiaotedfton,M™9en.i^^iogen, R,^, R,^(0).. R»NH, 

R„K.N, car.>o.i,)CONR„R,. SO^R„R. op.ona„y suited phen,, he^roa^^C,^ 

^.ona,Vsu,»«edC„a,M,R«0,R.^(0)„.R.^HorR..R=.N.R.rep,esan.Mro^ 

„ n^ogan, cpt^aiiy subs«..d CaiM, opUonaii, su.»«u,^ Phanyi. R,^H, R„R=.N, R,=0 
or R.^(0). or mattryl substlluted by opaonaily sul««uted phenyl. 

, t «,!. te mnuenlenUv a group viherein X, Is oxygen and X,,, is 
WhenR)l8lhegroup(c)thisisconvenieniiyaBi v 

nitrogen or X, is NRe wherein R. is hydrogen ormethyl and X. is CH 

Whan R, is me group (d) mis is convenient a group wherein X„ and X„ each 
20 represent CH and X« Is the group CH or N. 

Tbe g^P R. Preferal* a group (c) wherein X, U oxygen and X,. is nitrogen. 
Examples o. suitable R. groups include hydregan, C^IM such as methyl, ethyl, 
,3oprep,. sec buty. and 2.«^butyl, cydoai^ e.g. cydopropyi, cyclobutyl. cy^pen... 
cyclohexyl, cyclohaptyl, C^Kyi^M e.g. C^oydoaiMmathyl such as 
25 cydop^pylrr-eth^ or cydohex^n«*yl, optionally substituted phen^ such as phenyl or 
pnenyl subsUtutad by, ^no eg 4 -aminophenyl, dialKylamino, eg d.n,ea,ylan,lno, 
.lalMan^noalManrlno (eg amathylanrmoeth^anrlno, w.n«.hy.,dln,eU,>.an,lnoe.hylan,no, 
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N N.b.s(2-d„.e«^am,noe«^)an.no), alM eg e.hy.,aIKanoyi eg ace^.. el^oKy (eg ™«,ox, 
or 3^«^utoxy) halo, (eg chtortne or bromine.hydroxy. amlnoalKy. eg amlnomemyl. 

hydn»alko^ (eg 2*yd,.xyemoKy or 3^yd,»xyp,opoxy). amlnoalkoxy eg 2- amlnoemoxy. 

^Mam.noa,koxyeg2^hy.an.noe*oxy.d«an.noemox,(eg2..U«.hy.an,i,»^^^^ 

2 d,e>hy,ami,»emoxy, 2 d,e,hylamlno-1-n,e»^e^oxy. 2^Uop™py.aa„no.1-meWe*,oxy). 
^^arak,|.NalMamlnoalkox, eg N-benzy. N.™%la,«lnoett,oxy, aml,v«art.o^^ 
(an>ir»ca.bonylmethoxy. amlr»carbon,t-2-meWemoxy. aminocarbonylethoxy). 
a,Ky.a,r,i„ocarbonyla.Koxy eg n,emy.an,.noca*oo,.memoxy, dia,Man.nocart,ony«kox,, eg 
dlmemylaminoearboxyn^ethoxy, u^idoalkoxy eg u^idomethoxy, all<ylu««do eg 3- 
^ftylumldo, dtelkylamlno^cetamwo eg din«tt,y«amlnoace«n,ldo.a»cy Woalkoxy eg 
^my,thiome*oxy, phenylWo^Koxy eg phe„ylthlon«moxy. alMsulphlnyte.Ko;V 
methylsulphlnylrt^moxy. phenylsulphmylalkoxy eg phenylsulphinylmethoxy. 
alkylsulphonylalkoxy eg methylsolphonylmethoxy. pher,yteulphony.atoxy eg 
phenylsulphonyln^thoxy, cyano^ko;^ eg <^non,e*oxy or 2^noe«,oxy. ac^m.«>e.hoxy 
eg(tbutoxyca,bonylamlnoe*oxy/.soxazolylam.noemo,<y.lsonk»«nylan^ 
aM-Phony.aa,lno^oxy eg memy,su.phony,a,r,.noe.ho><y, Phanyteu,^^^^^^^ 
phenyteulphonyammoemoxy, atkoxycarbcnylalkox, eg -2.e«,o>cyca*ony, 1^e«,y«hox,, 
hete-ooydytelkoxyeg (™,pho..noe«,oxy.plperidinoemoxy. 1.py,™k,lno.2.ylmethoxy. 
hete,o<,dyloxy e.g.1-™thyl-pipertdlno^yloxy. heterocyciyi eg S-pyrroMnylJ 
, alky. (sub*^ by hyd™<y e.g. 2^yd,o><y.1-memy,^«.y.). alkyl subs«tuted by latino eg ( 
3- amlnopropy,, 4^.nobu.y,, 5 amU»penM) . aoy-amirK, e.g. 4-buWU.xyca*o„Va.-.no-bu.y, 
R,.NH or R,^^ e.g. (2-dime«,y,am,no-1-me»y.e.hy,, 4^e.hylan„no.1-memyi- ^ « 
3Kl.methytemlnoprop,.)l. m e.g. methyl or ett.yl subsUtuted by a 4-7-membered 
heterocydy. g^up e.g. 4^y.p.pera*-1-eW. 2H>.pera^n.y.^my., pipeHdine 4-y, memy, 
5 or plperldlne 3.yl methyl, a 4-7 membered heterooydyl group soch ae piperidinyl e.g. 

plpertdln^y. or plpertdin^y. er pynotldlny, e.g. pyrro«n.3-yl, a 6,6 ft,eed blcydio he.K>an. 
g„up su* ae Wa^ e.g. 5-hdazo.yi or ^ IndazoV.. or 6,6 fused bioyCchete^cyCU^ e.g. 

11 



PCT/GB03/01205 

WO 03/080610 

,euahydroiso<,u,no,l,v5-yi, 2-n>e«^ tetraMrolsoqulnoUn-T^, 2-me«.a„esu,phony^ 
,e,«hyd™.so<,u.n^in-7-ylor«.ahydr<.sc,u.no,,n.T.y.,3.4d,M-2H 

. a 6,5 fused hetenxy* g^up e.g. 2,3^,hyd™.1H-.^ndo«-y.. or ba„zo<1 .31d^x*5.^ or 
a 6 7 fused heterocyclic e.g. 2,3,4,5-tetrahydro-1 H-benzolclazepin-8-yl. 
5 When Xa Is CR. men the g-oup is corwenlentiy hydrogen, methy. or elkoxy e.fl, 

„«.hoxy. a«<y»..o e.g. n«.hy,th>o, phenyl.™ or phenoxy optionelly sut^tHuted by haU^en 

e.g. fluoro or acetamido. 

When X, is CRs then R, covenlentfc, hydrogen. a«cy1 e.g. methyl or alkoxy e.g. 

methoxy or optionally substituted phenoxy e.g. phenoxy.. 
,0 Wherein X. is the group R. is »nvenien«y hydrogen, halogen e.g. chlorine . 

hyd^xyaiky, e.g hyd.oxyme«,yl, alKyi e.g. n^thyi. alkoxy e.g.n,ethoxy. optionally substituted 
phenyl e.g. phenyl or a 4-7 membered heterooydy. group e.g. 1- pyr^lldiny. or 1- pyrazoly. 

Wherein X, is the group CR, then R, is conveniently hydrogen, hak>gen e.g. bron.ne. 
hydroxy . oa*oxyl,opUonelly subst«uted phenyl e.g. pheny. or phenyl (substiu*ed by one or 
15 two groups selected fron. alkoxy e.g. n»thoxy or ethoxy, hydroxy, hydroxymethyl. 
ttnuoromethyl. trifluoromethoxy. amino. ac«tamldo. amlnoalkyl, e.g. aminomethyl. or 
amlnoetM, aikyi e.g. methyl or e«,yl. carboxyi cart>a<amldo. N.N-dime«,ylcarboxamido. 
cyano. fonnyl. a.yk.xy e.g. phenoxy CH,8(0)n therein n is zero.1 0.2. CH3SOJ^H.or 
halogen e.g, fluCne), or hete^cydyl e.g. 5-me«,yl-l,2,4^xadlazol*yl, an heten^ry. gro^ 
20 e g thienyl (opBonally subs«tuted by fbmvyl, alk^ eg methyl or phenyl )such as 2.thlenyl, 4- 
.ne«,yl.h,enl, 5-phenyimienyl, S^ormytthienyi, or ^mienyl. 2-fu,anyl. pyHdyl such as 3-pyndyl 
or 4-pyrtdyt, 3.5.<limem^lsoxazol^yl, Indolyl or S^uinCinirt, benzolhienyl, a 6,5*,sed 
bicyck.hete«,cyd^ e.g 5^enzo(1.3ldioxolylor R, is optionally substituted phenyl such as 
phenyl or halophenyl e.g. fluo^phenyl substituted by the group CH^R«R» «be-'n R„ is 
25 alkyle.g.me«,ylore.hyl.phenylora heten>oyc«c gn,up euch as a 4-7 heten.^10 gn^up 
and R^ls hydrogen ormemyl, or NR,^ls a 4-7 heterocyclic group. Examples of suitable 
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NR,.R. groups indude ethyiamho. dlmethylamlno. 4^on>ho.U», pyrrolidine, piperidino. 

piperidln-4-yl^mino or 1-t butoxycarbonyl-plperdln-4-yl-amlno. or 

R3 te alkyl subsiitutod by a 4-7 numbered heterocydyl group or a group NR,^. wherein 

R19 ,s l,yd™xylalM. op«onal^ substlMed benzyl. C 3.7 oy*a"<yl. - 

e.g. bridge heterocyde, or a 4-7 me-^ered hete«x=yclyl. 4-7 n»n*ered hetemcy^aikyl or 

C 3.7 oyoloalkylalkyl .Conveniently tt,e 4-7 membered heteracydyl group or n»lety is 

selected from a 5-7 membered group containing one or 2 ring members selected from 

nitrogen or oxyen e.g. pynolldlnyl, plperidinyl, mo.piv>Bnyi plperadnyl or homo- plperazinyl. 

R20 is hydragen, methyl or acetyl. Examples of sudi R, groups indude 3- 

hydroxypiopylamino. 4-bromobenzylamino. 4.methoxybenzylamlno, 

4^>lpertdinylamlnomethyi. N-4-plpertdlnyl-N-methylaminomethyl, l-t butyoxyca-bonyl- 

piperidinyl-aminomethyl 

4-aminopiperidinomethyl.1.4^iazepan.1-ylmethyl. piperazinomethyl. 4- 
methylplperazinomethyl. 4^cetylpiperizin.1-ylmethyl, 4- ethylpiperazinomethyl 
4-morpholinomethyl. piperidinomethyt, 4-(methylamino)piperidinomethyl. 4- 
cyclopropylaminopiperidinomethyl. pyrrolidinomethy.. a-dimethylamlnopyrrolidinomethyl. 2- 
hydroxymethylpyrrolidlnomethyl. 4^thylplperazlno-methyl. S-pyrrolidin-l-yl- 
propylaminomethyl, 4K4-fluorophenyl) piperazinomethyl. 3-plperidinyl-1-yl- 
propylaminomethyl. 3-morpholin-4-yl-propylaminomethyI. 3-(4-methyipipera2ln.yl 
p«,pylam-.nomethyl. 1-methyl plperidin-4.yI-aminomethyl. 4-pyrrolidinocarbonylmethy|. 
piperazinomethyl. 2.pyrrolidin-1-ylmethylpyrrolldinomethyl. 2.pyrrol.din-1-yl- 
ethylaminomethyi. 3-dimethyiaminopyrrolidinomethyl. l.methy.^iperidin-4.ylaminomethyl. 1- 
lsopropyl-piperidin-|.ylaminomethyl.3-dimethylaminopyrrol.dinomet^ 
methyl)-pyrTolidinomethyJ.3.piperidln.1-yl-propylaminomethyI.3.morpholin-4.y^^ 
5 propylamlnomethyl.3-(4-methylplperazin-1-ylpropylaminomethyl. 

plperidin-1-ylmethylpyrrolidinomethyl. 3.5-dimethylpiperazinomethyl. pyrrolidin-1 
y,piperidinomethyl.pyrrolidino.3.ylaminomethyl.pyrrolidin-2-ylmethylaminomethyl^ 
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4-am,nomeWcyolohexymea^mlncn»tt,yl, 4^mlnooy<**exyla— tt-yl. 2^.ipera^n-1- 
y,e«,ytan,olnon«tt.y1, 3-amino^yrM.dinomemy,, pyrro,id.n.2.yln»^mlnoa«myi. 
plperidln-4.ylTOthytamlnomelhyl .4-amlnorr«thylplperdininomemyl, 4- 
(cydopropylaminoplperidlnomethyl, 

3.(plpe^no-1-yO propylamlnomethyl, 2-<moa>Min^yi™thyl)pytroll<l-,nomB.hyl 
2.Cplpertdln.1-yi™%t)pym>lidlnon«my..2-(pipe,azin.1-^^^^^ 
piperldln^Wlmelhyl. ^4-plpeIWltH^-yl-aoetamidomethyl, 

o, R,U 4.hete,ocy=lyoxy e.g. pipertdl,v4-yl<«y, « hete-o^ylalKyloxy e.g. Plpertdi,v4. 

yimethyloxy, or 

,s Vinyl op«onally subs«u«d by op«ona,^ subs«t*d phenyl e.g. 4-me«,yloxys.yn. or R, 

is the group CONR14R15 

«he™.n R,. is hydrogen. R„ Is benzyl, phenstt,y,, aminoalkyi e.g. 3^n,lnop«,pyl 4- 
amincbutyl or e^ohexy. » Is a 4-7 n«mbe,ed hete^cyclyl group. Conve„ien«y *e 
heterocyclyl group Is a 5-6 n«n,be,ed group In wHch one nng r«en*er Is nitrogen which 
„«, be suswute by an amlnoalkylcarbonyl group. Suitable examples Include pIperWryl e-g. 
3or4-plpeHdlnyl 1.amlnomethylcarbonyl-plpendln-4-yl, or pyrrolldinyl e.g. 3^«rr,oldmyl or 
R„ IS a 4-7 membered hete^cyclylalkyl group. Conveniently the heterocyclic moiety Is a 5-7 
membered group containing a nitrogen at«n and another hetero member selected »om 
oxygen or nitn>gen. Suitable examples of such heterooydylalM groups Include 
plperidlnylmethyl e.9. piperWin-Z-ylmethyl or plpeHdln^yln,emi^,morpho,,nylmethyl e.g. 
morpho,in-2-^methyl or piperazlnoethyl, or R„and R.. together with ^ nl^en atom to 
Which they are attached represent a 4-7 numbered heten^yclyl group. Convenler^y the 
heterocyclyl group Is a 6-7 membered group which may contain an addl«onal hetero member 
selected from oxygen, nitrogen or substituted nitrogen Examples of such groups Include 
5 piperazino, 1-methylpiperazlno, 4-(2-amlnoethyl)piperazino.4^t- 

butoxycarbonylamlnoethyDplperazlno. 4^mlnoalMcarbonylplperazino. e.g. 4- 
amlnomethylcarbonylplperazino, 4-aminoethylcaibonylplperazlno. 4-1- 
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(amlnoethylcarbonylpiperazlno. 4-(1-methylaminoethylylcarbonyIpiperazino .4-pyrroUdin-2-yl. 
carbonylpiperazino. pyrrolidino. 3-aminopyrrolidino . 2.methoxycarbonylpynolldlno. 
morpholino. 2 (pyrrolidin-lyDmethyl pyrrolidino or Ra is a group R.S(0)n wherein n is zero. 
1 or 2 and R« is optionally substttued phenyl eg phenyl optionally substituted by methoxy or 
5 heteroaryl and conveniently n is zero, or Rsis a group R,,NH and R« is optionally 
substitued phenyl or heteroaryl e.g. phenyl. 4- morpholinophenyl or S-aminopyridyl. 
Examples of suitable compounds according to the invention include those whose preparation 
is specifically described in examples 1 to 316. 

Specific preferred compounds according to the invention Include: 
10 2.(4.amino-furazan.3.yl)-1-*thyl-N-[(2R).2.morphoii^^^ 

carboxamide 

2K4-amino-furazan-3-yi)-1-ethyl-N-l(2S).2.morphollnylmethy^^^ 
carboxamide 

4K6K(4-fH,orapheny.)oxy>H4-(methyloxy)phenylh1H-lmlda«<4^^^^ 

15 ylamine hydrochloride 

4H1-(4H[2-(dimethylamino)ethylloxy}phenylW(4-fluoropheny^ 

c]pyridin-2-yl}-furazan-3-ylamine hydrochloride 
2.(4-amino-furazan.3-yl)-1-(cydop«)pylmethyl).N-(2.mon)hd 

clpyridine-7-carboxamide hydrochloride 
20 4-l1-ethyl-6-(methyloxy)-immldazo[4.5-clpyridln-2-y^^^^^ 

4-[1-ethyl-6-(methylthio)-1H-lmidazo[4.5-clpyridin-2.yO-fufazan-3-yte^^^ 
4.[1.ethyl-6-(phenyloxy)-1H-im.dazo[4.5-c]pyridin-2-yl]-furazan-3.ylamine 

4K1-ethyl^-[(4-fluorophenyl)oxy>1H.imldazo[4.5.c]pyridi^^^^^^^ 

N-(3^l2-(4-amlno.furazan-3.yl)-1-ethyl-1H.im-.^^^^^^ 

25 hydrochloride 

NW[2K4-amino-furazan-3.yl)-1-ethyl-1H.imidazo[4.5-^ 

hydrochloride 
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2-(4.amino.furazan-3-yl)-1-ethyl.N-phenyl-1H.imid^^^^^ 
4.[1-(phenylmothyl)-1H-lmidazo[4.5-clpyridi^^^^^^^^ 
4H1.(2.2.2-trifluoroethyl)-1H.imidazo[4.5.clpyridin-2-yn^^^^ 
4-[1-(4^fluorophenyl).1H.imidazoI4.5^]pyridin.2-^^^^^ 
5 4.(6.bromc>-1-ethyl-1H-imidazo[4.5-clpyridin-2-yl)-fura^^^ 

4^.bromo-1-l4.(methyloxy)pheny.HH.i^^^^^^^ 
4.l2-(4.amino.furazan.3.yl)-7-bromo.immldazo[4.5^1^^^^^ 

4-[lW[2Kdimethylamino)ethynoxy>phenylH^^^^^ 

3- ylamine 

10 4.(7.bromo-1-pheny|.1H-lmidazo[4.5.clpyridin-2.yl)-fura^^^^^ 

4- (1J-diphenyl-1H-imldazol4.5H5lpyridin-2.yl)-furazan-3-ylamine 

4-[1-phenyI-7-(24hienyl)-1H-imidazo[4.5-cl^ 

4.[2-(4^minc>.furazan-3-yl)-1-phenyl-1H-imW^^^^^ 

2-(4^mino.furazan-3.yl)-1-phenyMH-imldazo[4.5.c]p^^^^^ 

15 4-(7K4-[(ethylamino)methyllphenyl}-1-^^^^^^^ 

ylamlne 

4K7<3.5^imemvM^xa^oV>1-Phenyl-1W-ni<lazot4.5<lpyn«^^^ 
4^1^my^7-[3Kethyloxy)phenya-1Wmida»[4,5<:lpyridlrv2-ylHurazan^^ 

hydrochloride 

20 2<*^incHfu.«zan^>1-eW-^^^«».yl-1H-imldazoI4,5<,lpyrkJl^^^^^^ 

hydrochloride 

2.(4^no-furazan*yl)-1-emyl-N,N^irr,emyl-1Wmidazol4.5<.lpyrWlne-^^ 

hydrochloride 

{3-[2-(4-amino.furazan.3.yl)-1-ethyl-1HMmidazo[4.5^^^^ 

25 hydrochloride 

4-(1^thyl-7^4-[(phenylamlno)methyl]phenyl}.lH-imidazo[4.5.clp^ 

ylamine 
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4.[1^W.fluo™phe..y.>1H-lm«arol4,Mpyr«ln.2.yn-fu«zan*^^^ 
4K1^»^Wmemylsulfony:)phenyfl-1H-imldazot4.5<lpyMn-^^^^ 

hydrochloride 

M1^thyl-7-Wtrffl«o«m«myl)phe,.yfl-1H.imldazoI4.5.cl^^^^^ 

5 hydrochloride 

4.t7-(2,4^ifluo™pheny1>1-ethyl-1H^idazo[4,5^lPyrtdin-2-yll-fura«r^^ 
hydrochloride 

5.l2-(4-Amino-furazan-3-yl)-1-elhyl-1H.imld^^^^ 
carbaldehyde 

10 4.W14»n»»,ien*ylH-e»Vl-1H-imidazc<4,5-olpyridin-2-^^^ 

hydrochloride 

4K1-emy1-7-I2KWuorc™thyl)phenyn-1H-ln*lazol4,Mpyndl^^^^^ 
hydrochloride 

M1-ethyl-7-l4.(methylthio)phenyll-im 

15 hydrochloride 

4.[1-«thy|.7.(4.methyl-2.thienyl)-1HMm-.^^^^^^ 

hydrochloride 
4- 



-I7-(2.6-dimethylphenyl>-1-ethyl-1H.imldazo[4.^^^^^ 



hydrochloride 

20 ^44^n<.fu,^n.3^H-«.y^1H^m-.<azo[4,5^lpyrldln-7-y5-2-flu^ 

hydrochloride 

4-p.(3.amlncphenyl)-1^myl-1H4n,ldazoI4,6.lpyridln.2.yn.fur^^ hydroohMde 
4K1^7HM(«U,oromemyl)oxylphenyn-1HHmidazol4,5^lpyrldln.2-yl)-^^^ 

hydrochloride 

25 l-(342-(4.amho*-«^n*y'H-«*y^1H-Wdazol4.5^pyHdln-7.yllphenyl>eth^^ 
hydrochloride 
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NK4.l2-(4-amino-furazan-3-yl)-1-ethyl-1H.|midazo[4.^^^^^^^ 
ynphenyl}methanesulfonamide hydrochloride 

4.[1-ethy|.7-(5.pheny|.2-thien^)-1H™^ 

hydrochloride 

hydrochloride 

4K1^-H4-fluo,,>*(1-pyno.*y.™m,0^nyfl-1H™[4,M^^^^ 

3-ylamine hydrochloride 

10 3-ylamlne hydrochloride 
ylamlne hydrochloride 

ylamlne hydrochloride 
15 M1^my..7H4Kmemy,sufflny.)phenvn-1Wm.dazol4,5^lpyr«,n-2.v^^^ 

hydrochloride 

4-t1-e«,,--7«M,..,.=3rton,.>1H™t4.^lpyrtdin-2-ya*^^^ 

carboxamide 

20 ^1^m,..7<1i=.peridi,^icart»ny.)-1H.im,da.^4.5.»^^^^^^^ 

2.(4^n,,no.n,«zan*^H-thW'^1Wn,«azcI4,S.]pyr«,ne-7.^^^ 

25 2^4^m,„o.«.azan-3-y.)-1-e*yl-N-t2«oxy)eW-1H.imld^^^^^ 
carboxamide 
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2,4.m,no.fu,^n*V.>1-emy.-NK2.2,6.6.«.«n««^pipeHdM>1^ 
c]pyridine-7-carboxamide 

yllcarbonyl>amino)pentyI]carbamate 

5 l.l^^my^my. M2W-(4-aminc-,Uraza„-3-^H-e«^Vt-1H^n>«-»l*-^l^'"-^- 
yllcarbonyl)amlno)methyllpt»nyl>-H>lI«razlnecart)o)(ylate 

carboxamide 

10 carboxamide 

dpyridine-T-carboxamide 
lmidazo[4,5-clpyridlne-7-carboxamlde 

furazan-3-ylamine 

2K4^i™vmrazan-^y.H-«vy».^[4-(meWhen,i,n«tt,y.HW-«-ol4,^^^^^ 

7-carboxamide 

20 trifluoroacetate 

2<4-amlno.fur,zan^y.M-W-N-tt2K1^.peraz.n,.)pheny1^^^^^ 

clpyridine-7-carboxamide trifluoroacetate 

2,4-amino-furazan.3.y,)-N4(1S.^^^^^^^^^ 
irnidazol4.5-clpyridine.7-carboxamide trifluoroacetate 

25 2-(4-amlno-furazan-3-y.W[4.ch.o,o.3.^^^^^^^ 
lmidazo[4.5-clpyridine-7-carboxamide 
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, fhvn 1 ninerazinvncarbonylh1H-imidazo[4,5-clpyridin-2-yl)- 
4.(1.ethyl-7-{[4-(4-pyridinylmethyl)-1-piperazinyijcarou y r 

furazan-3-yIamine 

clDvridine-7-carboxamide 

7-carboxamide 

4.,1.U,v.-7M.1-P.peraz.ny.)car.«nyn-1H«dazol^ 

10 carboxamide 
carboxamide 

4H1^y.7W4^rphc«nvlcartx«^.)Phenyfl-1H— 14,=.,P^^^^^^ 

ylamine 

15 4K2H4.amino.Iurazan-3-yl>l-a*y|.1H-.midazol4,^!pyrtdln-7-yll-N-(2- 
phenylethyl)benzamide 

4^1-e»y..7W1-p^lny.carbony,)phenya-1Wn«a^4.5-l«^^^^ 

ylamine 

4.pK4^lnCHlu«zan-3-yl)-1-ethyl-1WmldazoI4,5^lpyridln-7.ylhN- 

20 (phenylmethyObenzamide 

. r^my, 1K{4^2.(4.ammo*razan*y.)-1-e*yMWn,«azol4,5^^^^^^ 

yllphenyl}carbonyl)-L-prolinate 

4<1^.7H4H(^me,hy.1-pipe,.ziny,)camonynpheny,HH-imidazo[4.^^^^^ 

furazan-3-ylamine 

25 3<2K4^mlno*,azan-3-ylH-e>hyl-1H-lmIdazo[4.5^lpyridin.7-yll-N-(2- 
pbenylethyl)benzanilde 
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3-[2.(4.amino-furazan-3.yl>1-ethy|.immidazo^ 

(phenylmethyl)benzamide 

methyl 1-({3-I2-(4-amino.furazan.3-yl^ 

yI]phenyl}carbonyl)-L-proHnate 

4K1-ethyl-7K3-[(4-methyM-p^^^^^ 

furazan-3-ylamine 

4^1.ethyl-7.[3-(4.morpholinylca^^^^^^ 
ylamine 

4.[1.ethyl-7-(1-pyrrolidinylcarbonyl)-1H-imidazo[4.5-c]pyridin-2-^^^^^^ 

2.(4-amlno-furazan.3-yl)-1-ethyl-N-phenyl-1H-imidazo[4.5-clpyri^ 

4-[1-ethyl-4-(ethylo)cy)-immidazoI4.5-c]pyridin-2-yq-furazan-3-ylam 

4-[1.ethyl-4-(methyloxy)-1H-imidazo[4.5-c]pyridin-2-ylHu^^ 
1^2.(4.amino.furazan.3.yi>1-ethyl-1H-imidazol4.5.cl^^^^^^ 

hydrochloride 

(2-(4-amino-furazan-3-yl)-1-ethyl-1H-lmldazoI4.5K)lpyridm^^^^ 
N-{[2-(4.amino.furazan-3-yl)-1-ethyl-1H-imidazo[4.5-c]pyrW 

4-piperidinamine hydrochloride 

H[2.(4-ammo-furBzan-3.yl)-1-ethy«-1H-imldazol4.5-^^^^^ 

piperidlnamine hydrochloride 
, ((2S)-H[2-(4-amirio.furazan-3.yl)-1-^^^^^^ 
pyrrolidlnyl)methanol 

4.(7«R>3-(dimethylamino).1-pyrrolidinyllmethyO-1-et^^^^^ 

furazan-3-ylamlne hydrochloride 
4-(7-{[(3S)-3-(dimethylamino^1.pyrroildiny^^ 

5 furazan-3-ylamine hydrochloride 

3-({[2.(4.amino.furazan-3-yI)-1-ethyMH-imW^^^^^ 
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4-[1.mvl-7.(«2-(1-pipemdny.)e*yna,rtno)n«thy.>1H4mUJa«^ 
ylamine hydrochloride 

carboxamide hydrochloride 
5 244-amlno.furazan-3-ylH-emy.-N^(3S)-3i>yrrolldh,yl)-1Wmkiazol4,5^^^ 

carboxamide hydrochloride 
NKl2-(4-arnino.furazar,.3-yl>1-ethyl-1H.|m-.^^^^^^ 

piperidinylacetamide hydrochloride 

4-(7-brorno.1-ethyl-4.methyl.1H-lmida2o[4.5-c]pyrldin.2-yl)^^^^ 
10 [2-(4.amir.o-furazan-3-yl)-7.bromo-1^thyl-^ 

hydrochloride 

4H1-emyl-7-«4H(me*,ylamlno)ace.y1l-l-plpe.3z>nyl}carbonylHW^^ 
furazan-3-ylamlne hydrochloride 

4.,7KC4.(an,.noac«W>1-plpe«^cartonyO-1-e«^1H-^^^^^^ 

15 3-ylamine hydrochloride 

4.M4-(3^minoptopanoy.)-1-plperazinyIl«rt»nylH-e«'y'-1Wma^^^ 

furazan-3-ylamlne hydrochloride 

yl].furazan-3-ylamine hydrochloride 
20 4.i7K{M(2S>2^inopmpanoy^lH>lperazinyOca-t.onyl>1-ethyl-1H-W^^^ 

y|]-furazan-3-ylamine hydrochloride 

449-cydopropyl-2-(methylthio)-9H-purin-8-yl]-furazari-3-^^^^^ 
4.[1K3-Methoxy-phenyl)-1H.imldazol4.5^lpyridin-2-yll-^^^^^ 
3.[2-(4-Arnlrio-furazan-3-ylHmldazol4.5-clpyridin-1-yl]-phenol 
25 i.{4-[2K4-Amino-furazan-3-yI>irnidazo[4.5.c]pyridirt-1-ylI-phenyl^^^^^ 



oxime 

4.[1-(2-MethyM .2.3.4-tetrahydro.lsoqulnolln.7-yl)-1 H-imldazol4.5.clpyridir.-2- 
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yll-furazan-3-ylamine 
4K1-Benzol1.3ldl<>xol*yMH.in,ida^ol4,5-clpyridin-2-ylH"r«^ 
7^2^4-Aa^n<>*razan*yl)-'"Wazol4>olpyrk)in-1.y^-3,4^ihy<^ro-2^ 

isoquinolm-1-one 

5 4H1K2-Metha,«sulfonyl-1,2,3AteUahydro.lsoqulnonn-7^>1H-imWa^^^^ 

clpyrldln-2-yll-furazarv3-ylamine 
4.i2.(4.Amlno.fu«zan*ylHmkia»l4,5clpyrldln-1-yq-N4.ya™xy.b^^ 

4-l1K2.3,4.5-Tetrahyd«.-1H.benzo(o]azepin*yl>1WmW«oI4.5.=]p^^^^^ 

yq.furazan-3-ylamine 
10 4.[1-(1H.|nda2ol^-yl>1H-imidazolel4.5^3pyridin-2-yl^^^ 

4-[l-(1H-lndazol-5-yO-1H-imidazole[4.5-c]pyridln-2-yO-^^^^ 
4^1.[4-(2.Diemylamino-ethoxy)-phenyn-1H-lm-^^^^^ 

furazan-3-ylamine hydrochloride 
4-{1-[4K3-Dimemylamlno-propoxy).phenyq-1H.lrT,idazo[4 

15 furazan-3-ylamine hydrochloride 

4K1.[4.((S>-1-Pyrrolidin-2-ylmetho)cy)-phenyll-1H.i^ 

furazan-3-ylamine 
4-{1.[4.(2-Morpholin-4.yl-ethoxy)-phenyq-1H-lmW^^^^^ 

furazan-3-ylamine hydrochloride 
20 N-{4.[2.(4.Arnino-furazan.3-ylK.midazol4.5^^^^^^ 

trimethyl-ethane dihydrochloride 
N-{4-[2.Amir.o-furazan-3.yl)-lmidazol4.5-clpyridiri-1-1yn-pheny^ 

dimethylamino-«thyl)-N'.N'-dimethyl-ethane-1.2-diamine 

4K1-[4.(1-Methyl-plperidir.-4.yioxy)i)henyIl-1H.imidazo[4.^^^^^^ 

25 furazan-3-ylamine 

4^1-[4.(3-Dimethylamirio.propyl)-phenyll-lH.im.da20[4,5-c]pyridin-^^^^ 

furazan-3-ylamine 

23 



PCT/GB03/01205 

WO 03/080610 



4-lt 



.(4.Dimethylamino.phenyl)-1H.imidazol4^^^^^^ 



ylamine 

<4.[2.(4-Amino.lurBzan-3-yl)-lmi^^^^^^ 
4.{1.l4.((S)-1-Methyl.pyr«.Kdirv2.ylmethox^^^^^ 

5 clpyridin-2-ylHuraza"-3-y'3'"'"® 
N44.[2.(4^mlno.furazan.3-yl)-imidazo[4 

dimethylamino-acetamide 
NW2-(4-Amlnc-fura^an.3.yl)-imK,azo[4,5^pyrtdln.1.yfli>he^ 

dlmethyl-ethane-l ,2-<llamine 
10 4Ki.[N2-Dlmemylamlno^xy)-pheayfl-1Wmidazol4>c]p^^^^^^ 

yl}furazan-3-ylamine 
4H14M3-Dlmethylaminoi>ropoxy>phenyn-1H-imidazol4,5*lWrtdln.2-^ 

furazan-3-ylamine 
H4-[2-(4.Am.no-furaza,v3^l)*^^4.5-lPyrtdin-1^phenyl}^ 

15 urea 

4KH«14*emylH..perirv4.yloxyH>henyl)-imn^»l4.^lPyri«ne.2.vO- 

furazan-3-ylamine 
4^H4K2^lP^ridln-1-yl.*thoxyH.henyfH1H-lmld«o[4.5^]pyrl<«n^^^^ 

furazan-3-ylamine 

20 4KH4K2-Pyrrdklln-1-yl-emoxy)i*enyn-1WnMdazot4.6^lPyri^^^^^^ 

furazan-3-ylamine o 

ylamine 

4.(H4-I2.(Be,^memvl^mino)^*o>VWhenylh1H-lmKlazo[4.5^^^ 

25 y|)-furazan-3-ylamine 

2H412H4-Amln^raz3n*y.H-ldazoI4,5^]pyrtdln-1-yO-Phenoxy)^ce.amWe 
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acetamide 

2.{4.[2-{4.Amlno-furBzan-3.yl)-imldazot4.5-c]pyri^ 

dimethylacetamide 
5 2H4.l2-(4-/^lno.fu«zan-3-yl).lmidazot4>clpyrldln-1-y^^^^ 

3^^(2K4^lm>-furazan^ylHnnldazot4,Wlpyrklln-1-yll-phenoxy)- 

propionitrile 

,0 NK2H4H2.(4^1n<>^razan.3-ylHmldazo[4,5-clpyndW-ylhPheno^ 

Isonicotlnamlde 

N.(2^4-I2K4-Aml^o^urazan*yl>Wdazo[4,5^pyrtdln-1-yfl^.he^oxy)^myl^ 

acetamide 

Isoxazole-SK^arboxylic acid (2-{442-(4-amino-furazan.3-yl)-imW^^^^ 
15 c]pyridin-1-yll-phenoxy}-ethyl)- amide 
N-(2H4-l2-(4-Amino-furazan.3.ylH^^^ 

methanesulfonamide 
2H4-l2-(4.Amino-furazan.3-yiHniidazo[4.5^lpyrid^ 

propionamide 

20 2^4^2-(4.Am•K,o.^umza^-3.y.>Mdazol4.Mpyrldln.1-y^^^^ 

propionamide 
(2^4.[2-(4.Amino.furazan-3-yI)-imidazD[4.5 

carbamic acid tert-butyl ester 
4^1.I4.(2-Methylamino^thoxy)-phenyll-1H-imidazoI4.5-^ 

25 furazan-3-ylamine 

4H1<4-(2-Amino^thoxy)-phenyq-1H.imidazo[4.5-clpyri^^^^^^ 

ylamine 
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4-[1.(4.Methylsulfanylmetho)cy-phenyl)-1H-imW^^^^^ 
ylamine 

4-[lK4-Benzenesulfinylmethoxy-phenyI)-1H-imidazo[4.5-clpyridi^^^^^^ 
furazan-3-ylamlne 

5 4-[1K4-Benzenesu1fonylmethoxy-phenyl)-1H-imidazol4.5-clpyri^^^^^^^ 

furazan-3-ylamine 
4-[1.(4-Methanesulfinylmethoxy-phenyl)-1H-imidazo[4.5-c^^^^^ 

furazan-3-ylamine 
4-[1.(4-PhenyIsulfanylmethoxy-phenyl)-1H-imidazot4.5-clpyridm^^^^^^^ 

10 3-ylamine 

N.(2-{4-[2-(4-Amino-furazan-3-ylHmidazo[4.5^]-pyri^^ 

ethyl)-benzenesulfonamide 
(2W2-(4-Amlno.furazan^-yl)-imldazo[4.5^pyridin-1-yl>^^^^^ 

urea 

15 N.(2K4.l2-(4-Am-.no-furazan-3-ylHm-.^^^^^^ 
benzamide 

3.5.Dimethyl-isoxazole^sulfonic add (2^4.[2.(4.amino.futazan-3-yl>- 

imldazo[4.5-c-pyridin-1-yl]-phenoxy}-ethyl)-amlde 
N-[5-(2W2-(4.Amino-furazah-3.yl)-imldazoI4.5^^^ 
20 ethylsulfamoyl)-4-methyl-thlazol-2-yIl-acetamide 

4.l1-(4-Methanesutfonylmethoxy-phenyl)-1H-imldazo[4,5-clpy^^^ 

furazan-3-ylamine 
N-(2W2-(4-Amino-furazan-3.ylHmidazo[4.5-cl-py^ 

ethyO-benzenesutfonamide 
25 4^4-l2.(4-Amino-furazan-3-yl)-imidazo[4.5-c]pyridin.1-yQpheno)cyhpi^^^^^^ 

1-carboxylic acid beruyl ester 
4-[2-(4-Amino-furazan-3-ylHmidazol4.5-c]pyridin-1-yll-phenol 
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yimethyl) amide 

2^4-An>lno.fu-aan*yl)-1-eftyt-1H-lmidazot4>clpyridine-7-cari»^^^ add 11-((S)-1- 
pyrolldin-2-yl-melhanoyl)-plperldiiv4-yll-anilde 

ethanoyl)-plperidin-4-yll-amide 

^H2^4-Amino*<«zan*vl>1-ett^1Wmkia.ot4,^lpyrtdln.7.ylmethy^ 

diamine 

2K4.Amln<^razan-3.ylH-ethyl-1Wmidazot4,6-clpyrldine-7<arbo><ald*^ 

10 2K4-Amino4Urazan*ylM-emy^1W"*^W.5-lW«'"-'-=^'^°'^'"°'' 

propanoyl)-piperidin-4-yll-amld8 

p^4-Amln^furaza,v3-yl)-1-e*yl-1Wmidazol4.5^lpyrk.in-7-ylmeU,yn-^^^ 

4.(4^hlorx>-1-ethyW1Wmldaz()t4,Mpy>Wln-2-ylH"raza''*Vla'"l™ 
4K1W7H(3-plp9™zln-1-yl-P«*ylamlno)wnetM-1-e<hyMH^mld^^^^ 

15 furazan-3-ylamine 

4K1-Ethyl-7-a(3^4Knethy^plperazlr^1-ylh>n>pylarninol.nnem^^ 

clpyridin-2-yl)-furazan-3-ylamine 

[2-(4.Amin^fumzan-3.yl)-1-..hyl-1WmMazo[4>«lpy«n.7-ylmeW^^ 

plperldln-4-yIJ-amine 
20 4^1*thyl-7<(R)-2-plperazin-1-y<™*yH.ym.kiW^.ln.»W>1H-W^^^ 

furazan-3-ylamine 

p^2^4■A^*c>-fu,^n-3-y.>WMdazol4.5K=]pyrldi^-1-y^-propylH=a^^^ 

ester 

26 4^i-CycloHexylmethyl-1H-lmidazo[4,5-clpyridln-2-ylHurazan-3-ylamlna 
amine 
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4-[2-(4.Amlno.furazan.3.yI)-1-ethyl.1H.imida^^^ 
carboxylic acid ferf-butyl ester 

4-(3-Ethyl-3H-imidazo[4.5-clpyridin-2-yl)-furazan-3-ylamine 
3-(1-Ethyl-1H-imidazo[4.5-c]pyridin-2-yl)-pyrazln-2-ylamine 

5 and physiologically acceptable salts thereof. 

The ability of the compounds of formula (I) to antagonise the effect of the kinase Msk- 
1 may be detemiined using published procedures such as those described in W09967283 
and WO0127315. Alternatively the following in vitro assay may be used . 

Thus the Msk.1 antagonist activity was determined using human recombinant ly/lsk-l 

10 expressed in Sf9 cells (W09967283). The enzyme unden^ent prior activation by incubation 
with MARK (P42). which was removed prior to storage and subsequent assay. The assay of 
Msk-I activity involved incubation with peptide substrate and ATP33. the subsequent 
incorporation of p33 into the peptide was quantified by Scintillation Proximity Assay (SPA - 
Amersham Pharmacia). 

15 For IC50 detemiination, tsst compounds were typically dissolved at 10mM in lOQo/o 

DMSO. with subsequent serial dilution into 10% DMSO. Compounds were typically assayed 
over an eleven point dilution range with a concentration In the assay of lOuM to 3nM. in 
duplicate. IC50 values were calculated by bespoke curve fitting software. 

Assays were perfomied in clear bottomed, white walled. 384 well plates, in a total 
20 assay volume of 12.5ul. The assays contained: 2nM activated MSKI; 2uM biotinylated 
peptide (biotin-GRPRTSSFAEG-OH); 20uM ATP; 25Bq per pmole ATp33; somM Hepes; 
10miy/l MgClz: 0.1mM EDTA; 0.0025o/o Tween.20; 5mM p-Mercaptoethanol; pH 7.5. The 
reactions were incubated at 20oC for 60 minutes, then tem^inated by the addition of 1 0ul of 
200mM EDTA. 

25 Streptavldin PVT SPA beads were added to a concentration of 0.2mg per well. The 

plates were shaken for 10 minutes before centrifugatlon at 2500 rpm for 10 minutes. p33 
incorporation was quantified by scintillation counting in a Wallac Trilux. 
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The compound, C «,e lnven«o„ a» 0^ useM In .he .rea«>en, or preven«on of 
.ceases and,or condWons mediated mmugh *e «nase MsM. Thus *e c»n,pouhds a,e 
useft,, tBa^nen. or p^phyfaxb of d.so«iers associated w«h neuronal degenena*.n 
resumng from Ischemic e«nte or ,nflar™.aU>,y condi«ons. Examp.es of such dlsoniers 
5 i™.ude acute s^ke e.g. c«reb,., s«-oKe. ««mboembo«o sUoke. hemonhagic stroKe and 
ce^b-a. ischemia. muW lnfa«* dementia , pain, arthhtls e.g. rheumatoid arthritis, 
osteoart.^, pscdasis. and ente^pathlo arthritis. r.u«.ple sderosis, A^eimers disease. 
Pad^inson's disease, amyot^pWc lateral sclen«te. spinal cot. Inlury and asthma. The 
compounds may also be useful for the trea«ent of instable bowel syndrome. Mammatory 
10 bowel disease and certain cancers. 

The invention therefore provides for the t«e of a compound of fbmiuia (1) and/or 
ph^ically acceptable salts thereof for use in therapy and in par«cularfor use as a 
riKdidne tof inhibiting the effects of the kinase Msk-1 . 

The inventton also provides for the use of a compound of fOmmla (i) and/or a 
,a physiologicailyac^ptablederlvatlveorsaKthereoffOrthemanuf^cn^ofamedicament*^^ 

Inhibiting tlie effects of tlie Icinase Msk-1 

According to a tother aspect, the Inventkx, also provides for a method for inhibiting 
^ effects of the kinase Msk-1 in a mammai e.g. a human . comprising admintetering to a 
patient in need thereof an effecUve amount of a compound of formula (1) and/or a 
20 physiokjglcallyacceptablederlvatlveorsalttheeBOf. 

The ability Of the compounds Of fbmtula (I) to antagontee the ^ Of the kinase 

R0CK1 may be detemilned by using the following assays; 

1 ROCK kinase assay. 

ROCK inhibitor activity was detenhined using human recombinant R0CK1 kinase 
25 domain (amino add 1-576) expr^sed hi Sf9 ««s (W09967283,. The enzyme was purifled 
u^ng hls-tag NTA colun« and SourcelS HPLC chromatography. The assay of Rock-l 
activity involved Incubaflon wi«l peptide substrate and ATp33. the subsequent incorporafon 
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of P33 into the peptide was quantified by Scintillation Proximity Assay (SPA - Amersham 
Pharmacia). 

For IC50 detemiinatlon. test compounds were typically dissolved at 10mM in m% 
DMSO. with subsequent serial dilution Into 10% DMSO. Compounds were typically assayed 
over an eleven point dilution range with a concentration in the assay of 10uM to 3nM. in 
duplicate. IC50 values were calculated by bespoke curve fitting software. 

Assays were performed in clear bottomed, white walled. 96 well plates. In a total 
assay volume of 40ul. The assays contained: 1nM hROCK1 1; 1uM biotinylated peptide 
(biotin-Ahx-AKRRRLSSLRA-CONH2); 1uM ATP; 25Bq per pmole ATp33; 12.5mM Hepes 
PH7.4: 7.5mM MgCIa; O.OI50/0 BSA. The reacdons were Incubated at 20»C for 120 minutes, 
then tennlnated by the addition of 10ul of 200mM EDTA. 

Streptavidin PVT SPA beads were added to a concentration of 0.4mg per well. The 
plates were shaken for 10 minutes before centrifugation at 2500 rpm for 10 minutes. p33 
Incorporation was quantified by scintillation counting In a Wallac Trilux. 

2. Aorta artery contraction assay: 

Male Sprague-Dawley rats (350-tOOg) are anesthetized with 5% Isoflurane In Oa and 
euthanized by exsanguinatlon. Proximal descending thoracic aortae are removed and 
placed in oxygenated (95o/o Oa. 5% COa) ambient temperature Krebs solution (pH 7.4) with 
the following composition (mM): NaCl 112.0. KCI 4.7. CaCIa 2.5. KHaPOa 1-2. MgSO. 1.2. 
NaHCOa 25.0. dextrose 11.0. Indomethacln 0.01. and L-NAME 0.1 . The isolated aortae are 
cut into four 3mm rings and each segment is suspended by two 0.1mm diameter tungsten 
wire hooks and placed in a 10 mL organ bath containing oxygenated (95% Oa. 5% COa) 
370c Krebs solution (pH 7.4). The tissues are equilibrated under 1.0 grams resting tension 
5 for approximately 30 minutes. Responses are measured isometrically using a Grass FT 03 
force-transducer and recorded on a Grass polygraph (model 7D) as change in tension. 
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After the ( 



. equilibration pertod, each «ssua Is co^acted «Hh 60 mM KO for about 15 
„,|„u.es. washed with 37»C Krebs solution, and allowed to relax to »sting tension. The 
eomMKCloontracConls repeated. T,» «ssue Is then contracted to e<,ull.>ra«on with 1 M 
norepinephrine and washed w«h 37-0 Krebs solution and allowed to relax to the resting 
5 tension. 

A cumulative concentration-response curve to phemrtephrlne Is obtained by dosing at 
0 6 log unit intervals (1nM to 1 M) ar«. «ie EC Is detem^ned. FCU«*ng several washes, 
each vessel Is contacted to equllibnum with an EC concentra«on of phenytephdne and 
tone IS reversed by adding emulative an«.n.s of a ROCK inhibitor at 0.5 log unit Inte^als 
10 (0 1nM to 3 M). When oonstmcting cumulative concentration-response, a higher 

c^ntrauon of vasoacBve agent is added to the tissue bath after the previous response 
has reached a plateau. 

3 In vivo effect of ROCK inhlbftors (Intravenous, IV): 

Rats are anesthetised with isoflurane 30/0 for the implantation of femoral venous and 

arterial catheters. During the experiment, anaesthesia was maintained at 2%. Each rat 
received an intravenous bolus dose of vehidefoHowedbyaboius doses Of ROCK inhibitors 

at 10 30 100 and 300 ug/l.g with approx 20 minutes between doses. Blood samples are 
taken at 20 minutes after doses 10. 30 and 300 ug/kg for the subsequent deten.ina«on of 

20 plasma levels of ROCK Inhibitors. 

Arterial blood pressure and heart rate derived from the blood pressure are recorded on 
strip Chart and also on a computerised data a<x,uisl«on system (Po-Ne-Mah, V 3.30, Gouk. 
instmments). Hemodynamic data is presented as the ma=dmum change from propose 

control expressed as means +/- SEM. 

The compounds of the invention are therefore useful in the treatment or prevention of 
diseases and/or conditions mediated through Rho kinases-l and/or -2. 
Thus the compounds are useful for the treatment or prophylaxis of 
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«.,ov.cu.ra,sease.suoHas^rtens.„,<*o„.oa™.=onaes*».ean«U,..ca^^^^ 

^ «,e *«a.men. or of associated w«h neurolnflammatory d,seases 

.uch as sWKe, sp.na> co,d .nW. ™*.e sdero^s. A.zhe„na.s d^. PaHdnson's 
S „^se,a.yoUopNc,a.er.sde..sand,or ,„„an^a^-yd,so^e.su*as..^m^ 
pain as maun»to« arthnfe. ,nita«e ^ syndrome. lnfla.,n,a.ory bo»e. disease. 
T^e'compounds a« useM *.r *e rr^^ or p«>phy.axls o, astt^ .-ale se»ial 
^ncdon, .ale ^ dys— and over.ac«va bladder ,yndron». 
^eer and nunor n«tasUsls,vl., and baCena, ,n,eo»ons. Insu«n resls«n» and diabetes. 

The inven-on P-ldes for me use o, a compound of ..m^ula (I) and/or 

pnysl^caically accapteble sails «««o, fbr use In .be.p, and In pa,«cu.ar ..r ^ as a 
medldne for Inhibiting the effects of Rho kinases-l and/or -2. 

The invent* also pn>vldes for the use of a «>.npound of fOnnula (!) and/or a 
Physiologically acceptabtededva^orsaKthereoffortherr^ufactureofan^^^^^ 

15 inhibiting the effects of Rho kinase-1/2. 

The inven^on also prCdes for a method for Inhibiting the effea, of the Rho K,nase. 
in a n«n««. e.g. a human . «,mprl.ng administering to a patient ^ need the^of an 
e„ec«veamoun.ofacompoundof.b„nula(.,and/oraph^l.og^^a«=epte«adar.«.«e 

or salt thereof. . ^ 

According to a further aspect, the Invention also provides for a method for ,nh«ng 
,hee.fectsof*eKinasesMsk-1and/orRholdnase.1/2inamammaie.g.ahuman. 

„mpHsingadm,nlstenngtoapa«entlnneed,hereo,aneffeC.eamoun.o,acompoundof 

t>m,ula (1) and/or a physiologically accepteble dertva«ve or saltthereof. 

««. be app^dated by «»se sidlled In the art that .efe^nce he,eln to treaunent 
extendstop.ph.ax.aswe„asmet«atmen.ofesteb.lshadd^orsymptems. 

„ vHI further be app^dated «,at the amount of a compound of the ,nven.»n «,u^ 
^ use in t^atmen. will va,y with «,e naU-e the «,ndraon being treated, «,e rc^ of 
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adm.nls«on .nd me age and »« co,^l«on of me pa*nt and ^ be ul«n,a«.y a. »e 
disc««on of me a«endan. physldan. In genera, h^ever do^ employed U. adU. human 
.«atnen,«i,l.yp«ybe,nme,.ngeo( 6 to 800„^ per day, dependent upon me roule of 

administration. 

5 Preferred routes of administration include by intra>«noU8 NeoUon or orally. 

Thus to parenteral admlnlstiatlon a daily dose regimen will typically be m me range 
0 1 to 80n^ Of the total body weight. p«le,ably from about 0.2 to 30mg /Kg or more 

preferably 0.5 to 15mg/Kg.. For oral admini^atlon a dally dose regimen will ^plcally be 
wimin me range range 0.1 to 8^Kg of me total body weight, preferably from about 0.2 to 
10 30mg/k8ormorepief6rably0.5to15nig*g 

The desired dose may conveniently be presented in a single dose or as divided doses 
adn^nlstered at appropnate intervals, for exempt as two. »,ee.*>urormores.*.ioses per 

day. 

While it is possible mat, for use In merapy. a compound of me invention may be 
15 administered as me raw chemical, it Is preferable to present me active Ingredient as a 

pharmaceutical formulation. 

■me invention »us fUrmer provides a pham«ceutlcal fomiulatlon comprising a 
<„d of fomtula (I) or a pham^ceutlca.^ acceptable sa« mereof togemer w«h one or 
n^repham^ceutlcalV acceptable carriers thereof and, opUonally. omer mempeOlc and/or 
20 prophylacticlnflmdients. The oanier(s) must be 'acceptable' in me sense of being 

compa«ble v«m me omer ir^redients ^ me fom^latlon and not deletedous to me redplen. 
tliereof. 

The compositions of me invention include mose In a form especially fomtulated for 
0^1 buccal, parente^l, Inhala«on or Insufflation, Implant or rectal administration Wiate 
25 dosage forms fdr adminisraUon by each of tl«se routes may be prepaid by conventional 
techniques. 
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Tablete and capsules fcr oral admlnlstiatlon may contain conventional e^lplents 
SUCH as binding agents, tor e«.ple, syrup, acacla, gelatin, so«tol. tragaoanm, .udlage o, 
sta^h or po^*yrn=.done:.«ters..6rexampta, lactose, sugar.mlcrooystaninece,,^^^^ 

maize-starch. calcKin, phosphate or sorhitck .ul>ric«,ts, for exaotple. n.agneslum stearate. 
stearic add. talc polyemylene glycol or slllca; dlslntegrants, for example, potato starch or 
sodlun, sta™. glyootete. or «et«ng agents su* as sodium laury, sulphate. The tablets may 
be coated acoo«.lngtome«,ods«ell Known Inthe art. Oral liquid preparations may bo,nthe 
,0™ o,. for example, aqueous or o.^ suspen^ons. soWons emulsions, syn^ps or e«x.«. or 
^ be pr^d as a dry product for cons«.u«on with water or o«w sultabte vehicle before 
use. such liquid prepamtlons may contain »^ventonal additives such as suspending 
agents, for example, sorbitol syrup, n«.hyl cellulose, glucose/sugar symp. gelatin, 
bydroxyethylc^lulose, carboxymethy. cellulose, aluminum stearate gel or hydrogenated 
edlblefats; emuWng agents. ..r example. ^«,ln, sorb«an n.no.^ or acaCa; norv 
aqueous vehldes (which may Indude edible ote), for exempt, almond oU. fact^ted 
5 co»nu. dl. oily esters, propylene g^co, or ethyl alcd^l; solubllizers such as surfactants fo: 
example pCysort^tes other agents such as cydodextrtns; and p,esen««ves, fcr example, 
methylcrpropylp4,ydn>xybanzoatesorasoc«oacld. The composlUons may ateo be 
.ormulated as suppositories, e.g. containing «,nven«on^ s^POs«onr bases su* as cocoa 

butter or other glycerides. 
» For buccal admlnlstra«on the composition may taKe the form of tablets or lozenges 

formulated in conventional nnanner. 

The composition according to the invention may be fomnulated for parenteral 
administration by Nec«<« or conanucus infusVon. Fom,u«ons for iniectlon may be 
presented in unit dose fbm, m amp<n.tes. or in multiniose containers with an added 
25 presen^atlve. The compositions may take such »om« as suspensions. solu«ons. or 
emulsions In oily or aqueous vehldes. and may contain fon^ulatory agents such as 
suspending, stabllteing and/or dispersing agents. Alternatively the adlve ingredient may be 
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In powder form for constitution with a suitable vehicle, e.g. sterile, pyrogen-free water, before 
use. 

Conveniently the compounds of the invention are formulated for intravenous or oral 
administration. 

The compositions according to the invention may contain between 0.1-99% of the 
active ingredient, conveniently from 30-95% for tablets and capsules and 3-50% for liquid 
preparations. 

Compounds of fonnula (I) wherein Ri is a group (a), (c) and (d) may be prepared by 
reacting the diamine (II) 













(II) 



wherein Ra. Xi. Xz . X3 and X4 have the meanings defined In (1) with the appropriate 
compound of fonnula (III), (IV) or (V) 

NHRa NHRa 





NHRa 

YOC. 




(Ill) (IV) (V) 

Wherein Y is hydrogen , halogen e.g. CI. Br or I. hydroxy or Ci^all<oxy, Ra is hydrogen or a 
nitrogen protecting group such as an allcoxycarbonyl or benzyloxycarbonyl group and each 
of X5, Xe. X9. X10, Xi,.Xi2 and X,3 have the meanings as defined In fonnula (!) or Is a group 
available thereto, followed when required by removal of the nitrogen protecting group Ra 
using conventional methods. 
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When Y IS a g-oup selected m.m halogen, ^xy or hydroxy me reaoUon Is carried 
w«h heasng and op.onaW In me p«sen« of a soWen. a„d,or a dehydraSng agen. such 

as polyphosphoric acid. 

When Y hyd^gen the reacSon is convenM«y carried out In the presence of an 

oxidant such as sodium bisulphite. 

compounds of (Om,ula (1) wherein R. is the group (b) may be prepared by reducaon 

Of the corresponding nitro derivative (VI) 

o 



N 


NO, 




x = x, 






(Vl) 





wherein i 



10 



3in R. Rs. R3. X. X.X3. X.. X. and X» have the meanings defined in formula (I). 
The reduction may be effected using conventional procedures for converting a n.tro 
♦h..« fnr »he reduction may be effected using hydrogen 
group into an amino group, thus for e. . ... - reuuu 

and a suitable metal catalyst e.g. palladium. 

compounds of fom^ula (I) wherein R. Is the group (c) and X. Is oxygen and is nitrogen 
may be prepared by reacting the nitrile (VII) 



\ T V, — CHg C=N 



15 



(Vll) 

vvherein X„ X. X, and X. have the n«anings deflned in »,n.uta (D ^ hyd^cWorio add 
and sodiun, n«rite in a soiven, such as an a^ano, and t..atn»nt of me product mus fanned 
«,m a base e.g. aqueous s«lium hydn»ide and hyd«,xy1an,ina and subsequent heating. 
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compounds of formula (1) wherein R, represent «« group (Owherein X, is NH and 
X,„ is CH may be prepared by reacUng compound (Vlll) 

xy>^ .x^N ^C— NMe, 
^1 \ 
R2 

(Vlll) 

wf^rem R. X.. X. X, and X. have me meanings denned in fom^ia (i) wHh hydrazine. This 
reaouon is preferably carried out In a solvent e.g. an alKano, such as methanol and ««h 

heating. 

,n another aspect of the invention compounds of fomHrla (1) may be com«rted Into 

Other compounds of fonnfiula (1). 

Thus N^xldes of compounds of fomrula (1) may be prepared by treaSng a compound 
of fomrula (1) with a peroxy acid such as hydrogen pero=<ide in acetic add. 

For exP,r.pla reactions of a compound of fom«la (1) wherein Xa or X, is N may be 
converted Into the conespondlng N.>xide i.e. X. or X, is N=0 by reacaon w«h hydrogen 

peroxide in acetic add. 

A compound of fom,ute (D wherein R. or R. Is halogen e.g. chtorlne or b^mine may 
be prepared from the Of fonnula(l) wherein x.is N.0 andX, lsCHorX,ls N=0 andX,ls 
CH by reaction With the appropriate pl^pMnrs oxyheiide e.g. phosphorus oxychioride or 

oxybromide. 

compounds of formula (!) wherein R. is aikoxy e.g. methoxy may be prepared by 
, treating «« corresponding compound wherein R, Is halogen e.g. chlorine or bromine with the 
appropriate aiKanol e.g. me««nol In me presence of a base «.ch as sodium hydroxide. 

compounds of fomrula (1) wherein R, or R. Is an optionally substituted aryi e-g. 
opaonalV substituted phenyl group or an optionally substituted heteroaryl group may be 
prepared by treating me conesponding compound wherein R, and or R, is halogen e.g. 
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cMortne or bromine by reaoUon ^ «» ^.responding op«ona«y eubs«Med aryl or 

hete«>a,ylbo.onic add In the presence of a suitable palladium oatalyst 

e.8 bls(t1phenyipho,ph,ne) palladium (ii) diohloride or tetraKls (.riphenylphosphine) 

palladium (0) or 1 .Lbls (trtphenylpbosphono) fenocene dichlo^palladium (1.) oNoroform 

5 complex and a base e.g. sodium ca^onate. The .«a=Uon Is preferably canled o^ in a 
seven. e.g. hydrocarbon sucbastoluene or ether such as,,2-dlmeU»xyether or an amide 

such as DMF and with heating. 

compounds of formula (1) whe^in Rs Is a gn>up R,^ or R..NH and therein R,. Is 
an optionally substituted aryl e.g. opBonaiiy substituted phenyl group or an optionally 
10 substKutedheteroarylgrx^pm^bepreparedbyUeatingthecorrespondlngcompound 

«he.lnR3feha,ogene.g.b™n.newith.he<»nesponding thto. R..SH or an^ne R,^H. ,n 
the p^sence of a suitable palladium catalyst e.g. ™s(dlbenzy<ldena^cetone)dlpellad.um 
and «cen..2.^-Bis(d,phen^pbosphino).1.r-binaphthyi .The reaction Is preferably earned 
out in a soWenl e.g. an ether such as dloxane with heating. 
15 compounds of fom,ula (1) wherein R, is a group the group SOJ4R„R,. may be 

prepared by Seating the corresponds^ compound wl«rein R, is halogen e.fl. bromine with 
U,e sodium hydride and then ,vbu.y«»Num and .« treating theresultant p^duC seduentWly 
^ sulphur dtoxlde, sulphuryl *,ortde and then the amine HNR,^. ^ -cllon is 
conveniently carded out in a solvent such as tetrahydrofuran. 
20 compounds of fom,ula (1) whe^m R. Is an aikyl group e.g methyl may be prepaid 

.y,ea«ngthac»nespondlng«>mpoundwherelnR.ishaiogene.g.b,ominebyreaCk«,wim 

^ corresponding «aii^alumlnlum In the presence of bls(trtpheny,phosphlne) palladium (11) 

dlchKxide. ■|T« ^ Pr^r^ ^ ^ ' ""^ 

heating. 

25 compounds of fom^ula (1) In which R2 and/or R3 contain a phenyl group subst^ited 

by a methoxy group, as a sutoUtuent or part of a substituent may be converted into the 
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c„,^po„a,n, compound o,*.mu^(OwHer.n«,ep^env,aroupissu.»«u.ed^M™^^ 
,y reac.cn wim bo™n Wb«nide in a suitable solvent such as tf,c«on>me.hane. 

compounds C fon^ula (,) «be-n R.ls a phenyl group subsWed by an op«onaH, 
subs«ea alKoxy gn>up e* a d«Mam,nca«<ox, group n«y be prepay, by reacBng «,e 
. cor^pondlngcon,poundof,or.ula(„«herelnR..aphen,.g.oupsubs.«utedbyhvdro>C 

^ a sunab^ base e.g. sodlun, hydHde In an aproSc solvent such as di™.hy»onnan,«e 
and U,en «,e appropriate op«ona..y sub^ alKylhallde e.g. dN«an,ino^Mhallde. 

Conrpounds of fon^ula (I) wherein R. Is bromine may be converted Into the 
conespondlng wherein Is ^rmy, by reacUon w«, n-butyimhlum and d,methy«om«mlde In 
10 a solvent such as tefahydr^furan followed by quenching with water. 

compounds of fomiula 0) whe«in R, Is carboxyl may be prepared from the 
.o^dlng compound o.«>nnu.a (I, wherein R, Is bromine by reac^on w«h lithium 
alsop^pylan* and then butyl .thlum In hexanes followed b, treatment with carbon dlo»de 

gas The reaction IS preferably carried out at a low temperature e.g. -78°C. 

compounds o, fom,ula (1) wherein R, IS a methyl group substltutc ttv a group 

,eleotedfromR„NH.R..R.N.oranN llnKed. 4-7 membered heterocyclic group 
(containing one or two heter. atoms sheeted ^ N. O or S(0)n, may be prepared b, 
,eacaonof.heconespond.ngoompound«.«.ln R,.sformy. with the appropHate an^ne 
R,.NH. R,.R^H or 4-7 membered heterocycle under red.K«ve alMa«on condHions. For 
^ exampleuslng a canoborohydhde in a sulfate solvent e.g. methanol. In this ,eac«on « the 
groups R„,R.or the 4-7 membered hete^cyde contains an add^onal primary or secondary 
amino g^up then it Is desirable to protect «,ese usl^ a conven«onai n^rogen protecting 
group suc^ as a t-butylo^rbonyi which may then be deprotected If so r^ui-ed. 

compounds of fdmrula (1) whe,* Ra or R3 Is phenyl subsUtuted by amino methyl 
2a and where^ «.e amino group refe. .0 a group R„NH. R.,R»N or an N linked 4-7 members, 
heterocyclic group containing one or t« heteatoms selected f«m N, O c S(0>, may be 
prepared by reacting the conespondlng cc«,p«rnd w,«reln R. or R3 Phenyl subst«uted by 
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CHO under convantional «du*e alkyla«on conditions sud, a. those des«lbed above tc 
p^partng compounds wherein R3 is methyl subsmuted by R19NH or R19R20N • The 
compounds of fbm,ula (1) wh«eln R2 Is phenyl substituted by CHO may br prepared In situ 
from the corresponding compound «he«in R2 is phenyl substituted by halogen e.g. b™m,ne 
5 byieactionwithn-butylilthium and dimethytfom«mWe In a solvent such as tetrahydrofuran 

followed by quenching with water. 

compounds of fomiula (1) wherein R, Is the group CONR,4^.. and R„ and R„ have 
the meanings defined in fonnula (1) may be prepared from the conesponding compounds of 
fbm,ula (I) wherein Rs Is cartwxyl by taction with the amine HNR, J^.sWhereln R„ and R„ 
,0 have the meanings defined In formula (I) or are protected derivatives thereof under 

conventional procedu^ tor prepar*^ amides from add Wlowed by removal of the said 
protecting groups. 

conventionally the reaction is carried out by treating the add with carbonyldimidi- 
imidazoie in a suitable solvent such as DMF followed by reaction with the amine HNR..R«. 
15 Compounds of fomiula (1) wherein P. ia hydroxyl may be prepared from the 

corresponding compound wherein Ra is halogen e.g. bromine by reaction with n-butyi lithium 
-.0 a solvent such as tetrahydrof u,Bn or hexanes and tetrahydrofuran followed by addition of a 
triaikyi borate such as trimethylborate. The reaction is preferably carried out at low 
tempera^res e.g. 78X and then allowed to reach room temperature before being quenched 
20 by aqueous sodium hydroxide followed by aqueous hydrogen peroxide. 

Compounds of fomiula (I) wherein Rs is the group R«0 and wherein Rio has the 
meaning defined in fomiula (I) hydroxyl may be prepared from the conBsponding compound 
Wherein Rs is hydroxyl by reaction with a group R.La wherein R. has the meaning defined 
in fomiula (I) is a protected derivative thereof and La is a leaving group. Thus La can be a 
25 halogen group e.g. bromines or iodine, or a hydroxyl which can be converted into a leaving 
group insitu e.g. by reaction with tributylphosphine and azodicarbonyl) dipiperidine. 
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Ccn,pounds offon^ula (» where*, R, Is an opSonalftr sub^Med atheny.fln>uping 
^ be prepay by a compound of fonnuia (.) ^reln ,s broNne by «aCcn ««h me 
appropriate e«,ene derivative In the presence of palladium acetate, or 
tolyltriphenylphcphhe and a teritan- organic base such as trtethytemlrie. 

compounds wherein is an op«onai,y subs«.u.ed ethyi group may be prepared by 
.^.ng the conesponding compound of, onnu^ 0) wherein R3 is ha^en e.g. b^mine by 
.ac^on ,.m ^ corresponding opUona,^ substKuted etheny, compound in «,e presence of 
9^robicyc>o[3.3.1,-nonaneand1.1b,s(d,phen,iphosphono,enocenedichioropa„adiun 

complex in a suitable solvent such as tetrahydrofuran and or dichloromethane. 

,n the above synthesis of compounds of fbrn^la (1) wherein they contain a primary or 
seconda,yaminogr«.p^g«maybenecessa,yordes.,ab^.ocarryou.these procedures 

Wherein *e primary or secondary amine is in a protected .drm e.g. as a carbamate e.g. a 
buty. carbamate and then the cari^amate <»nverted into the required amine b, ccnven.^1 
p^^edures. for example by the reaction with trifluon»cetlc add. 

The nitrile of formula (Vll) may be prepared by heating of a compound of fornnria (11) 

with ethyl cyanoacetate. 

^ compound o.fom»,la (Vll.) may be prepared by reacSng the nitrile of fbmrula 
(V„) ..th an aceta, of N, N dimethy«>m«n*.e in a soK«nt e.g. a hydrocart»n such as »«» 

xylene and with heating. 

compounds of fbmrula (V.) may be prepared by reacUon of «,e 2-iodo.mldazo,e 



derivative (IX) 



R2 



(IX) 



Wherein X,. and X. h^ the meanir^s defined in fomruia 0) ^ the compound (X) 
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(X) 

wherein Xr and Xs have the meanings defined in fonnuia (I) 

in the presence of a t>ase and a polar aprotic solvent and then reacting the resultant 

compound (Xl) 



3 J^ M ^ 



(XI) 

with an alkyi nitrite In the presence of a suitable base. 

compounds of formula (11) may be prepared by reacting a compound of fbmnrla (XII) 

(XII) 

v^ereln X., X.X3 and X, have the meanings deflned above and L Is a group dteplaceable by 



the amine RaNHae.g 
nitro amine (Xlll) 



methoxy, bromine, chlorine, fluorine or methoxysulphonyl to give the 



(XIII) 

fblKMed by reduction ofthe n«™ graup by conventional means, for example using hyd^gen 
and a paltedlum catalyst i™n and an orsanlo acW e.g. acetic add or w«h sodium dlthlonate. 
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When compounds of fonnula (I) contain an asymmettlo centre the spedfic 
enantlome,s anslng the» fran, may be c^tained by conventional p-ocedures. For example 
using preparative high pertbmiance liquid chramatograpl^y (HPLC) wim a chiral sta.tona,y 
phase. 

Physioloflically acceptable add addition salts of the compounds of fom-uia (1) may be 
prepared by conventional pro^dures, for example by addition of a solution of the inorganic 
or organic adkl in a suitable solvent e.g. an alKanol or an ether to a soluto of the free base 
in a solvent su* as an alkanol. e.g. methanol oran ether e.g. diethyl ether or 
tetrahydrafuran. 

The compounds of fonnula (111). (IV). (V) (IX), (X) and (Xll) are either known 
c^npounds or may be prepared by analogous methods to those prepaHng the kno^n 

compounds. 

The following examples are illustrative of the present invention and are not to be 
construed as a limitation of the scope of the invention. 

Example 1: 4K1-Ethyl.1H-lmldazol4,5.clpyridin.2.yl)furazan.3-ylamlne 





\v-4 1 



I 



} 



Step 1. Ethyl-(3-nitropyridln-4-yl)amine 

4*letho>cy-3-nltropyndine hydrechlodde (11.2g. S8.9 mmoi) in ethanol (76mi) «as treated 
^ a 70% solution of ethyiamine in water (32ml) and heated under reflux for 1 hour. Further 
ethylamine solution (32ml) was added and the mixture heated under reflux for a further 2 
hou>s. After cooling to room temperature, the solvent was removed In vacuo and the residue 
dissolved in ethyl acetate, washed (x3) with water and saturated aqueous sodium chloride 
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. ^ f« onH ronnentrated in vacuo to afford the title compound 
solution, dried over sodium sulphate and concentratea in va 

(8.7g. 88%): MS (ES+) m/e 168 [M+Hl*. 

Step 2 A/*-Ethylpyridjne-3,4-dlamlne 
5 The pMuctfrom Step 1 (8.79. 52.0m™,) in emano, (150,^) «as « 
,„ the p^sence o. 10% palladium on carbon. A«er fWion of the catelys. through 
Kieselguhr. »e was concentrated ^ vacuo ,0 afford tt« «tte oon^nd (6.7g. 94%); 
MS(ES+)m/e138lM+Hr. 

10 Step 3. (1.Ethyl-lH.iml<Ia2ol4.5.clpyridln-2-yl)acetonltme 

The product from Step 2 (SOOmg. 3.6mmo.e) and eth^ cyanoacetate (620mg, 5.5mmo.) 
we,^ heated together at 1 90-0 for 20 minutes. After cooling to room temperature, the 

residue was pur^.ed by column chromatography eluting with 1 0% methanol in ethy, acetato 

to afford the titie compound (250mg. 370/0); MS (ES -v 



15 
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■Jp™.uctfton, S..P 3 (200^. 1.1-0,, .n memano, (4.1, and 2N -d (4n., 

was treated portlonwise wim «>dlum nlWe (150mg. 2.2m™!) and s«n«d at room 
temperaturefors hou.. ThepH o..hamU.u,»was adiustedto 12 l>y addition of 60% 
5 sodlun, hydro^e soU..ion and a 50% so,u«on o. Mrox^amlne >n water (3,n„ was added. 
The mixture was heated a, 90^ 2.6 hours and the reaction aiiowed to cooi to room 
temperature. The resulting predpltate was filtered and dried /n vacuo afford the titie 
compound (llOmg, 43%); MS (ES*) m/e 231 [M+Hl*. 

10 Example 2: 4K1Xyc1«propyl-1»«mlda»l4.5^i.yr.d.n-2^)furaz,n^amlne 



0:M3 



step 1. CyclopropyH3-nilropyridln-4-yl)amlne 

4.Methoxy*nitropyHdhe hydmchioride (2.0g. 1 1 .3mmol) and cydopropylamlne (1 .6m,, 
15 22 emmo,) in ethano, (6m,) was treated ^ tnethylamine <1.7m.. 12.4mmo0 and heated 
u™,er refluxfor 18 hou,.. After coding to ™om temperature, the soK^ntwas removed ,n 
^ and the residue dlss^ed in dlCtoromethane, wasted with water and sa«...ted 
aqueous sodium *,orlde solution, dried over magnesium sulphate and concentrated ,„ 
vacuo to afford the title compound (1.7g. 84%); m (AP*) m/e 180 [M*H1'.. 



20 



Steps 2. 4K1-Cyc..propy..1Wmld.«.t4.5*lPyr"'"^-y«)*''«»"-^^'"'™ 

T1,e * compound was prepared *»m the pr^luC of Step 1 using the methods of Exam^e 

1 Steps 2-4; MS (AP+) m/e 243 [M+H]*. 
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The following e=<ample8 «e« "V *e general *«o^ n»thod descrtbed In 

Example 2. 




3 I 4-(1-Methyl-1H-imidazo[4.5- 
c]pyridin-2-yl)furazan-3-ylamine 



4-(1-Cyclohe)^l-1H- 
imidazo[4,5-clpyridin-2- 
yl)furazan-3-yIamine 
4-(1 -Cyclopropylmethyl-1 H- 
imidazot4.5-c]pyridin-2- 
yl)furazan-3-ylamine 
6 4-(1-Cyclohexylmetnyi-in- 



Cyclohexylamine 



Cyclopropylmethylamine 



MS (ES+) m/e 
285[M+Hr. 

MS(AP+) m/e 
257 [M+Hr 



Cyclohexylmethylamine 



imidazo[4,5-c]pyridin-2- 
yl)furazan-3-ylamine 



7 I 4-(1-Cyclobutyl-1H- 
I imidazo[4,5-clpyridin-2- 
yl)furazan-3-ylamine 



[ Cyclobutylamine 



MS(AP+) m/e 
299 [M+Hf 



8 4-[1-(2-Ethylbutyl)-1H- 
imldazo[4.5-c]pyridin-2- 
i y|)furazan-3-yIamine 



2-Ethyl-/V/-butylamine 



MS(AP+) m/e 
257 [M+Hl* 

MS(AP+) m/e" 
288 [M+H]* 



9 1 4-(-lsopropyl-1H-imldazo[4.5- | Isopropylamine 
c]pyridin-2- yl)furazan-3- 
ylamlne 



10 1 4-(1-sec-Butyl-1H-lmidazol4.5- | seo-butylamine 
c]pyridln-2- yl)furazan-3- 



MS(AP+) m/e 
245 [M+H]* 



MS(AP+) m/e 
259 [M+H]* 
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11 



12 



13 



4-(1-Cyclopentyl-1 
imidazo[4,5-c] pyridln-2-yl) 
furazan-3-ylamine 
4-(1-CycIoheptyl-1 

imidazol4.5-cl pyridin-2-yl- 1 Cycloheptylamine 
furazan-3-ylamine 

4.[1-(2-Dimethylamino-1 - I /s^.N^-DimethyH .2- 
methylethyl)-1H-imidazol4,5- propanedlamlne 
c]pyridin-2- yl)furazan-3- 
ylamine 



MS(AP+) m/e 
271 [M+H]* 



MS(AP+) m/e 
299 [M+H]* 



MS(AP+) m/e 
288 [M+Hf 



"14 I 4-(1-Piperidin-4.yJH H- 4.Amino-pipenaine. 1- 

imidazol4.5-c] pyridin-2.y>- carboxyHc acid fert-butyl 
furazan-3-ylamine I ester 



irj 4.l1-(4.Diethylamino-1-meU,yl- 2-amino-5Kliethyiam.no 
butyl)-1 H -lmidazol4,5- c j pentane 
]pyridin-2-yi]-furazan-3-ylamine 



MS(AP+) m/e 
286 [M+Hl* 



MS (AP+) m/e 
344 [M+H]* 



16 


{4-[2-(4-Amino-furazan-3-yl)- 
imldazo[4.5-clpyridin-1-yll- 
butylhcarbamic add tert-butyl 
ester 


(4-Amino-butyl)-carbamic 
acid tert -butyl ester 


MS (ES+) m/e 
374 [M+H1+ 


17 


4-[1-(3-Dimethylamino-propyi)- 
1-H-imidazol4,5-c]pyridin-2-yl]- 


N^.N^-Dimethyi- 
propane-1.3-diamine 


MS (ES+) m/e 
288 [M+H]*. 
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10 





furazan-3-ylamin© 


(Monatsh.Chem. 112. 
825-840 (1981)) 




18 


4-{1-[2-(4-Methyl-piperazin-l- 


2-(4-Methyl-plperazin-1 - 


MS (ES+) m/e 




yl)-etnyij-l -rj-imiaazoi'f,^ 


yl)-ethyiamine 


329 [M+H]*. 




c]pyridin-2-yl}-furazan-3- 


(J.Med.Chem.42(15) 






ylamine 


2870-2880 (1999)) 





Examples 19 and 20: (+)^.I1.(2-Dimethylainino.1-methylethyl)-1H.lmldazoI4.5. 
c]pyrldln.2. yOfurazan^-ylamine and (.)^.ll.(2.DimethyIamlno.1-methylethyl).1-H- 
imidazo[4.5-c]pyrldln-2-yl)furazan-3-ylamlne 

The racemic product of Example 13 was separated Into the title enantiomeric forms by 
preparative LC using Chiralcel OD. 10 micron particle size; 250 mm x 4.6 mm l.d.; n- 
Hexane : Ethanol. 99.7«/o ^,N - 100% v/v ( 80:20 v/v ); 1.0 ml/min; UV detection at 215 nm 
yielding the (+) enantiomer MD + 6.80 ; HPLC tR 8.2min and the (-) enantlomer [a]D -2.2°; 
HPLC tR g.Omin. 

Example 21: 4-[1.(4-Amlno.butyl).1 H ^midazoI4.5. c lpyr.dln-2^ll.furazan^-ylamlne 




15 



A solution of the product of Example 16 (155mg. 0.415mmol) in anhydrous dichloromethane 
(4ml) was treated with trifluoroacetic acid (4ml). and stirred at room temperature for 0.5 
hours. The solvent was evaporated in vacuo and the residue partitioned between 
dichloromethane and saturated sodium bicarbonate solution. The organic phase was 
washed with water (x3). and dried over anhydrous sodium sulphate, and the solvent 
evaporated in vacuo. The residue was purified by silica gel chromatography eluting with a 
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mixture of 0.880 ammonla:methanol:dichloromethane (1:9:90) to afford the title product 

(52mg. 46%). MS (ES+) m/e 274 [M+H]+. 

The following compounds were prepared by the methods of Example 2 followed by 

the method of example 21: 





Example 


Amine 


Characterisation 

MS (ES+) m/e 


"22"' 


4-{1-(1-Pyrrolidln-3-yl-1-H- 


3-amino-pyrrolidine-1 - 




imidazo[4,5-c]pyridln-2-yl)- 


carboxylic acid rert-butyl 






furazan-3-ylamlne 


ester (Syn. Comm. 2357- 

60 (1992) 
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4-(1 -(5-Amino-pentyl)-1 -H- 


(5-Amino-pentyl)- 


MS (ES+) m/e 




lmldazo[4,5-clpyridin-2-yl]- 


carbamic acid fe/f-butyl 


288 [M+H]*. 




furazan-o-yiamine 


ester (J. Med. Chem. 
22(2)391-396 (1989)) 
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4-[1-(3-Amino-propyl)-1-H- 


(3-Amino-propyl)- 


MS (ES+) m/e 




imidazo[4,5-c]pyridin-2-yl]- 


carbamic acid fe/t-butyl 


259 [M+Hf. 




furazan-3-ylamlne 


ester (J. Org. Chem. 
57(21 )5687-5692 
(1992)) 





Example 25. 4-{1-Plperidln.3-yl .1H-imldazoI4.5-c]pyridin-2.yl)furazan-3-ylamine 



10 



step 1. 3-(3-Nltro.pyridln-4-ylamlno-piperidine-1-carboxylic acid terf-butyl ester. 

4-Chloro.3-nitropyridine (l.lg. 6.99mmol) in ethanol (12ml) was treated with S-Amino- 
plperidine-1-carboxylic add tert-butyl ester (2.8g. 13.9mMol) followed by sodium acetate 

49 
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(0 57g, and heated under «nux ,cr 2 hou.. A«er »o«ng U, ™on, tempemtu.. 

..e so^ was .emaved ^ ^cuo and me rescue dlssCved ,n emy, aceUO. washed (x3) 
«a,er drted over magneshim sulphate and concent^ted <n vacuo to afond me t«e 
compound (2.1g. 94%); MS (ES+) m/e 323 IM+HT- 

Step 2. 4K1-P.perid.n*yl .1H.hnldazot4,5*lpyrldln-2^1)furazan.3-ylamlne 

The ««e compound was prepared ^ me product ot step 1 ustng me memod o, examp^ 1 
Steps 2 to 4. men example 21 . MS (ESt) m/e 286 1M*H1*. 

The following compound was synmeslsed using the same 2-s.ep procedure used to 

make example 25. ^^^^ 

Data 
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4-l1-(2-Piperazin-1 -yl-ethyl)- 
1.Wmldazot4,5^;lpyridin-2- 

yl]-furazan-3-ylamine 



from 4-(2-Aminoethyl)- 
piperadne-1-carboxylic 
add benzyl ester (J. 
Med. Chem. 30(1) 121- 
131 (1987) 



MS (ES+) m/e 315 



Bcamp.es 27 and 28: «^1*iper.d,n*y. .1«*,.d.r.I4.5.clpyrid.n^^)«Urazan* 
y,am.n. and ,.HHi-P>Pertd.n^-V .1H-.m.daz.l4.5^]Pvnd.n.2.y»ft.««„^^am.n. 

The racemlc p«,duct o, Exampte 25 was separated Into the t,«e enanfomertc fom« by 
15 preparative LC using Chlralpa. AD, 10 n.<^pa-flde size; 2«> mm x 20 mm ..d.; n- 
Hexane : Emand, ( 50:60 v/v; pre-mlxed); 17 m«mln; tN dete^on at 215 nm >.e*g me W 
enantlomer ND . 0.4' ; HPLC tR 6.6m,n and me (-) enantlomer ND -3.2"; HPLC tR 
7.7min. 



20 Example 29 
ylamine 



. 4m.Plperldln-4.yImethyM H.imidazo(4,5.c)pyridi.2.yl)-furazan.3. 
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Step 1. *<(3.NltrOH.yridln-Uy.»n.no)Hne«V.)-plP«Hdlne.1-carb.xylic add «««Krtyl 



ester. 

4-MeU,oxy.^l^yrtd..e hydroClortde (2.26g. 11.9mmo» >n e«,an^ (15m>,was«a.ed 
5 * 4..,«mem,.^-peHdine.1-ca*o>^i= add ten^ ester (3.05g. 14.2,.« ,c«owed 
,y Hemylamme 0.82".!. and l^ated under ««ux.o, 6 hours. A«er coo..ng to 

rocn, .emperau-re. *e scWen. was removed ,n vaa,o and «,e residue in 
acetate, washed (x3) w«, water, bd^. dried over sodium sulphate and concentrated u, 
^ .0 affOm the «.e con,pound (2.78fl. 77%); 'H «R (400MH.) 59.21 (1H (s, Ar-H). 
10 68.30(1H,(d, Ar-H), » 8.2 (1H, (s, N-H, «6.70 (1H, (d, Ar^), M.OA (2H (t^oad), CH^ 63.2a 
(2H, (.) Pipeddtne) 82.73 (2H, (broad) plper^ne), M.79 (1H, (broadi pipeddlne), r«..*h.r , 

(8)'BU). 

Steps 2. 4K1.Piperid.n^eth,..1 /^.mldazo ,4.5.c)py.1d.^^*.«»^»«- 
ia The tHIe compound was prepared ,^ the product o, step 1 acco-ding to the n«thod of 
example 1 steps 2^, tolKMed ..y the n,e«»d of example 21 . MS (ES.) ^e 300 IM^H^ ■ 

Exampte 30= 44M4^e*«<«*eny.)-1H-.m.dazo[4,5^lpyrldln.2^'l*--"*y*'-'~ 

Hen 




OMe 



20 Step 1 : (-WWIethoxy-phenyO-O-nitro-pyrldin^-yD-amlne 
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Toa soluuon Of 4^1oro-3-nltropyrtdine (Kruger J. Mann F.e, J. Chen,. Soo.. 1955, 2755) 
(700mg. 4.41>™o0 in ett,ano. (10n,l) v,3s added 4-meWoxyanlline (1.087g, 8.82n™mol), 

by sodium acetate (362mg. 4.41n™oO. The mixture was t«a.ed under reflux for 16 
hours, oooied to room temperature and dnuted with water (30m,). The resuWng precipitate 
5 was collected l,y filtration, washed wItt. water (x3) and drted In vacuo to afford the title 
compound (800mg. 74%); MS (ES+) m/e 309 (M+m*. 

Step 2- M1K4^«ethoxy-phe„yl)-1 Wmklazol4,5H=l,mkl.n-2-yn-*ura«n*y1»nlne 

The ^ compound was prepared from the product of Step 1 using me meU,ods of Example 
10 1 steps 2-4; MS (AP+) m/e 309 [M+HJ*. 



The following e: 
Example 30. 



examples were prepared by the general two-step method described in 



31 



Example 



4.(1.Phenyl-1 H -imidazo[4,5- c 
]pyridin-2-yl)-furazan-3-ylamlne 
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4_[1.(4.Amino-phenyl)-1 H- 
imldazo[4.5-c]pyridin-2-yl]- 
furazan-3-ylamlne 



33 



34 



4-[1-(3-Methoxy-phenyl)-1 H- 
imidazo[4,5-clpyridin-2-yll- 
furazan-3-ylamine 
4-[1 -{2-Methoxy-phenyl)-1 H- 
lmldazo[4.5-c]pyridin-2-yll- 
furazan-3-ylamine 



Aniline 



Aniline 



4-amino 
acetanilide 



' i Characterisation 



MS {ES+) m/e 279 
[M+H1+ 



MS (ES+) m/e 294 
[M+H]+ 



3-methoxy aniline I MS (ES+) m/e 309 
[M+H]+ 
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4-[1-(2-ttnyi-pnenyi;- in- 


2-ethyl aniline 


MS (ES+) m/e 3Q7 




imidazo[4.5-c]pyridin-2-yl]- 




[M+H1+ 




furazan-a-ylamine 







Example 36: 4.I1K3-Chloro-phenyl)-1H-imidazo[4>clpyridin.2-yll.furazan-^^^ 



5 




Step 1: (3-ChIoro-phenyl)-(3-nitro-pyrlclin-4-yl)-ainine 

The title compound was prepared from 3-chloro aniline using the procedures detailed in 
Example 30 Step 1. 

10 Step 2: N4-(3-Chloro-phenyl)-pyridine-3,4-dlamine 

The product of Step 1 (325mg. 1.302mmol). was dissolved in ethanol (20ml). and treated 
with Iron powder (727mg. 13.017mmol). 20 drops of 37%. hydrochloric acid and water (2ml). 
and refluxed for 1 hour. The reaction was then filtered hot. and the filtrate evaporated in 
vacuo. The residue was dissolved in ethyl acetate then washed with saturated sodium 
15 bicarbonate solution, water, and brine, separated, dried over anhydrous sodium sulfate and 
evaporated in vacuo to afford the title compound (253mg. 88%). MS (ES+). m/e 220/222 
[M+Hr. 

Step 3: 4.l1-(3-Chloro-phenyl)-1H-lmldazo[4.5-clpyridIn-2-yll-fura2an-3-ylamine 
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The title product was prepared using tlie general method described in Example 1 Step 3-4; 
MS (ES+), m/e 313/315 [M+H]*. 



The following example was prepared by the general 3 step method described in 
example 36. 



37 


4-[1 -(3-bromo-phenyl)-1 H- 


3-bronno aniline 


MS (ES+) m/e 




imidazo[4,5-c]pyridin-2-yl]- 




367/359 [M+H]+ 




furazan-3-ylamine 







5 
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Example 38: 4.l2H4.Amino-fura«n^.yO-lmldazol4.5^lpyrIdin-1.^^^^^ 




OH 



To a solution of the product of Example 30 (100mg, 0.32ma,ol) In anhydrous 
dichloromethane (10tI) stl^d at OX, was added dropwlse a 1.0M solution of l»ron 

5 Wbrcmae (2.91ml. 2.92mmol) In dlohloromethane and the mixture stlned at room 

temperature fbr 16 hours. IT* reaction was then quenched with water (20ml). and the pH 
adjusted to 14 with 50% sodium hydroxide solution. The aqueous phase was washed with 
dichloromethane (x3). neut^llsed with 6N hydrochlortc add. and the rosultlng precipitate 
oolleced. washed ..th water (x3). diethyl ether and dried ,n vacuo to ^eld the title compound 

10 (59mg,62%):MS(ES+)m;e295[M+m*- 

Example 39: 3<2-{4.AmIno*irazan^^l)-lmldazo[4,5- c Jpyridin-l-yll-phenol 




The title compound was preparod from the product of Example 33 using the procedure 

15 detailed in Example 38. 

Example 40: 4^H3.Pyrrolldin.1.yImethyI.phenyl)-1H.lmldazoI4.5-c]pyri* 
furazan-3-ylamine 
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Step 1 : 3.I2K4-Amino.furazan-3-yl)-imlda2o[4.5H:lpyridin.1-yll-benzaW^^^ 

The product of Example 37 (1 .07g. 3mmol) In anhydrous tetrahydrofuran at -78»C was 
treated dropwise with a 2.5M solution of n-butyiiithium (3.6ml. 9mmol) in hexanes. followed 
by anhydrous dimethylfomiamide (10ml) and stirred for 10 minutes. The reaction was then 
wanried to room temperature, quenched with water and extracted with dichloromethane 
(X3). The combined organic phase was washed with water, brine, dried over anhydrous 
sodium sulfate and evaporated In vacuo. The residue was purified using silica gel 
chromatography, elutlng with a mixture of ethyl acetate / pentane (3:1) to afford the title 
compound (75mg. 8%); MS (ES+). m/e 307 [M+H]*. 

Step 2: 4.[1K3-Pyrrolldln.1.ylmethyl-phenyO-1H.imldazoI4.5.clpyrldln-^^^^^ 
ylamine 

The product of Step 1 was stirred in 1 .2-dichloroethane. and treated with pyrrolidine (27uL. 
0.326mmol) and stirred for 15 minutes at room temperature. The reaction was then treated 
with sodium triacetoxyborohydride (34mg.0.164mmol) and stined at room temperature for 16 
hours. The reaction was diluted with methanol and applied to a Mega Bond Elute SCX ion 
exchange column, eluting sequentially with water, methanol and finally 0.880 
ammonla:methanol (1:9). The residue was purified using silica gel chromatography elutlng 
with a mixture of 0.880 ammonla:methanol:dlchloromethane (1 :9:90) to afford the compound 
(20mg. 34%); MS (ES+). m/e 362 [M+H]*. 

Example 41: 4-{1-I4.(2-DimethyIamlno-ethoxy).phenyll-1 H -imldazol4,5. clpyridln-2- 
y|}.furazan-3-ylamine hydrochloride 
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To a solution of the product of Example 38 (30mg. 0.102mmol). in N.N- 
dimethyifonnamlde (2ml). was added sodium hydride (60% dispersion in mineral oil. 4mg. 
O.IOmmol). After 5 minutes at room temperature 2-(dimethylamino)ethyl chloride 
hydrochloride (15mg. 0.102mmol) and sodium hydride (60% dispersion in mineral oil, 4mg. 
0.102mmol) were added and the reaction heated at 60»C for 5 hours. The solvent was 
evaporated in vacuo and the residue was partitioned between ethyl acetate and 2M sodium 
hydroxide solution. The organic phase was separated then washed with water (x3). dried 
over anhydrous sodium sulphate and evaporated in vacuo. Purification of the residue by 
silica gel chromatography eluting with 10% methanol in dichloromethane gave the free base 
of the title compound. The product was dissolved In methanol (1 ml) and treated with a 1 M 
solution hydrochloric acid (36uL. 0.036mmol) in diethyl ether and evaporated in vacuo to 
yield the title compound (14mg. 32%); MS (ES+) m/e 366 [M+Hf. 

Example 42: 2-{4-I2-(4-Amino-f urazan-3-yI)-lmidazo[4,5-c]pyridin-1 -yl]-phenoxy}- 
acetamlde trifluoroacetate 




The product of Example 38 (77.0mg. 0.0260mmol) was dissolved in A/.N-dimethylfomnamide 
(1 .5 ml) and sodium hydride (60% dispersion In oil. 1 1 .5 mg. 0.286mmol) was added (gas 
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evolution!). After 5 minutes at room temperature, diloroacetamide (36.5mg. 0.390mmol) was 
added and tlie soiution was heated to SCC for 3 liours. Tlie reaction mixture was 
partitioned between etiiyl acetate and satd. aqueous NaHCOg. The aqueous phase was 
washed with EtOAc (x2), dried over anhydrous sodium sulfate and evaporated in vacuo. 
5 Purification of the residue by preparative HPLC (0-80% CH3CN/H2O (0.1 % TFA), retention 
time = 5.35 minutes) afforded the title compound as a white solid (58 mg, 48%). MS (ES+) 
m/e 352 [M+H]+. 

The following examples were prepared by the general method described in Example 

42. 
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Example 


AlkyI Hallde 


Characterisation 


43 


2-^4-[2-(4-Amino-furazan-3- 
yl)-lmidazo[4,5-c]pyridin-1 -yQ- 
phenoxy}-N,N- 

dimethylacetamide 


A/,A/-dimethyl 
chloroacetamide 


MS(cS+; m/e ooo 
IM+H]* 


44 


2-{4-[2-(4-Amino-furazan-3- 
yl)-imidazo[4,5-c]pyrldin-1 -yl]- 

phenoxy}-ethanol 


2-bromoethanol 


MS(ES-t-) m/e 339 
[M+H]* 


45 


3-{4-[2-(4-Amino-furazan-3- 

yl)-imidazo[4,5-c]pyridln-1-yl]- 

phenoxy}-propionitriIe 


3-chloropropionitrile 


MS(ES+) m/e 429 
[M+H]* 


46 


3-{4-[2-(4-Amino-furazan-3- 
yl)-imidazo[4,5-c]pyridln-1 -yl]- 
phenoxy}-propan-1 -ol 


3-bromopropanol 


MS(ES+) m/e 353 
[M+H]* 


47 


2-{4-[2-(4-Amino-furazan-3- 
yl)-imldazo[4,5-c]pyridin-1 -yQ- 
phenoxy}-N-methyl- 
acetamide 


N-Methyl 
chloroacetamide 


MS(ES+) m/e 366 
[M+H]* 


48 


4-[1 -(4-Methylsulfanyl- 
methoxyphenyl)-1 H- 
imidazo[4,5-c]pyridin-2-yll- 
furazan-3-ylamine 


Chloromethyl methyl 
sulfide 


iNAo(fco+} m/e ooo 
[M+H]* 
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4-[1-{4-Phenylsulfanyl- 
methoxy-phenyI)-1H- 
imidazol4.5-c]pyridin-2-yll- 
furazan-3-ylamine 



MS(ES+) m/e 433 
[M+H]* 



Example 50: {2-{4-[2-(4-Amino 



.furazan-3.yl)-imldazo[4,5-c]pyridin-1-yn-phenoxy}- 



8thyl)-carbamlc acid terf-butyl ester trlfluoroacetate 




5 Toasuspensk>noftheproductofExample38(0.400g,1.8«.-.-v^ 

added trlphenylphosphlne (534mg. 2.04 mmo.) and N-BOC ethanolamlne (0.316mL, 
2 04mmo». wsoprapytezodlcarboxylate (0.401 mL.^04mmol) was added. After 14.5 
hours, .ha .eacdon mbdu-e was evaporated *, vscuo. Hie resuWng residue was purified by 
preparative HPLC (0-80% CH^fi (0.1% TFA), reter^ion tine - 7.75 r^inutes) affording 

10 the ti«e <»mpound as trifiuoroacetate salt (383 -hg. 51%). MS (ES.) rrVe 438 [M^Hf. 

The fbliowing example was prepared aocordlr« to the ger«ral procedure described ,n 

Example 50: 









Example 


Alcohol 


Characterisation 



60 



wo 03/080610 PCT/GB03/01205 



51 


4-{1 -[4-(2-Methylamino- 


N-methyl ethanolamine 


MS(ES+) m/e 352 [M+H]* 




ethoxy)-phenyl]-1 H- 








imiuazo[4, o-cj py na i n-^-y i/- 








furazan-3-ylamine 







Examples 52 and 53: 4-[1-(4-Benzenesulfinylmethoxy-phenyl)-1H-innidazo[4,5- 
c]pyridin-2-yl]-f urazan-3-ylamine and 4-[1 -(4-Bonzen©sulf onylmothoxy-phenyl)-1 H- 
imidazo[4,5-c]pyridin-2-yl]-furazan-3-yiamine 

5 The product of Example 49 (28.0mg, 0.053mmol) was dissolved in methanol 

(O.eoOmL) and H2O(0.300mL). Sodium periodate (14 mg, 0.065mmol) was added and the 
reaction was allowed to stir for four days. The solution was partitioned between ethyl 
acetate and aq. NaCI. The organic phase was dried over sodium sulfate, filtered and 
concentrated. The resulting residue v sr-^j/Silfied by preparative HPLC (0-80% CH3CN/H2O 

10 (0.1% TFA) sulfoxide retention time -• o.. ininutes; sulfone = 7.45 minutes) to yield the title 
compounds as their trifluoroacetate salts: Example 52 (sulfoxide) (10.0 mg, 35%). MS (ES+) 
m/e 433 [M+H]+; Example 53 (sulfone) (3.2mg, 11%), MS (ES+) m/e 449 [M+Hf 

Example 54: 4-11 -(4-MethanesuIfinylmethoxy-phenyl)-1 H-imidazo[4,5-c]pyridin-2-yl]- 
15 furazan-3-ylamine 

The title compound was prepared from the product of example 48 according to the 
procedure described for example 52. MS (ES+) m/e 371 [M+H]* 

Example 55: 4-{1 -[4-(2-Amino-ethoxy)<iihenyl]-1 H-imldazo[4,5-c]pyrldin-2-yl}-fiirazan- 
3-ylamine hydrochloride 
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5 




The praduct of E«n*le 50 ^ Ueated ^th 4,0 M HCl/dioxane. Mer two hou„, the 
«ac«on was Judged by LOMS. The reac«on m«U.re was concentrated in vacuo 

^o p«.v.de «,e «le con,»und as a white powder (246n^, 86%). MS{ES.) m/e 339 1M.H,' 

Example 56: ,«,x.zole^-ca,boxy.ic add p-{4<2-(4^n,.no.fura»n^H.n.da«,[4.5. 
clpyridln-1 -yIl-phenoxy}-ethyl)- amide 




The product Of exa,„=le 55 was suspended U, dlchlo^methane (0.5nnL) and trtethyiamlne 
10 (0 025 mU 0.173mmoO was added. Isoxaote 5^rbony. chU,dde (O.OIOmL. 0.073h«noO 
«as added. After 2.5 hours, the reaction mixture was partitioned hebveen ethyl acetate and 
2NNaOH. The aqueous phase was washed with ethyl acetate (x1). The combined organ,c 
phases were washed with satd. aq. NaO. dried oyer sodium sulfate. Altered and 
concentrated. The resulting residue was purmed by preparatK» HPLC ««0% CHaCNM^ 
15 (0.1% TFA), retention time = 6.42 minutes) to yield the title compound as the 
Wfluoroacetate salt (7.0 mg, 26%). MS (ESt) m/e 433 1M+H1+. 

The following example was prepared according to the general procedure described ,n 

Example 56: 
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Example 


Acid Chloride 


Characterisation 


57 


/v-(2-{4-[2-(4-Amino-Turazan- 
3-yl)-imlclazo[4,5-c]pyridin-1 - 
yl]-phenoxy}-ethyl)-acetamide 


A\C6iyi cniunuc 


MSfES+^ m/e 380 
[M+H]* 



The following example was prepared according to the general procedure described in 



Example 56, using an additional equivalent of triethylamine: 



58 


A/-(2-{4-[2-(4-Amino-furazan- 


isonicotinoyi chloride 


MS(ES+) m/e 




3-yl)-imidazo[4,5-clpyridin-1 - 


hydrochloride 


433 [M+H]* 




yl]-phenoxy}-ethyl)- 








Isonicotinamide 







5 Example 59: (2-{4-[2-(4-Amlno-furazan-3-yl)-imidazo[4,5-c]-pyridin-1-yl]-phenoxy}- 
ethyl)-urea 




The product of example 55 (25mg, 0.061 mmol) was dissolved In THF (0.350 mL) 
and H2O (0.150 mL). A solution of KOCN (25mg, 0.0608mmol) In H2O (0.150 mL) was 
10 added to the reaction slowly dropwise over 30 minutes. After an additional 1 .5 hours, the 
reaction was judged complete by LC-IVIS analysis. The reaction mixture was partitioned 
l)etween EtOAc and dilute aq. NaHCOa. The aqueous phase was washed with EtOAc (x1) 
and the combined organic phases were dried over sodium sulfate, filtered, and concentrated. 
Trituration with diethyl ether provided a white solid (S.Omg, 22%). MS(ES+) m/e 381 [M+H]* 

15 
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Example 60: 2-{4-[2-(4-Amino-furazan-3-yl)-lmldazo[4,5-clpyrIdln-1 -ylj-phenoxy}- 
propionamide 




5 Step 1 . 2-{4-[2-(4-Amlno-f urazan-3-yl)-lmidazo[4,5-clpyridin-1 -yl]-phenoxy}-propionic 
acid methyl ester 

The ester was prepared from the product of Example 38 (58.0 mg) as described In Example 
42, employing methyl 2-bromopropionate as the alkyi halide. The ester was used directly in 
Step 2. MS(ES+) m/e 381 [M+H]* 

10 

Step 2. 2-{4-[2-(4-Amlno-furazan-3-yl)-lmidazo[4,5-c]pyridlr. - . y 
propionamide 

The product of Step 1 was dissolved In methanol (1.0 mL) and concentrated ammonium 
hydroxide (0.500 mL) was added. After 14.5 hours, a white predplteite was evident. The 
15 reaction mixture was filtered and the solid washed with water and diethyl ether. The title 
compound was isolated as an off-white powder (12.5 mg, 20%). MS(ES+) m/e 368 [M+H]* 
The following example was prepared according to the procedure described in 



Example 60, Steps 1 and 2. 





Example 


Alkyl Halide 




61 


2-{4-[2-(4-Amino-furazan-3- 
ylHmida2o[4,5-c]pyridln-1 -ylj- 
phenoxy}-2-methyl- 


Ethyl 2-bromoisobutyrate 


MS(ES+) m/e 
366 [M+H]* 
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propionamide 







ethyl)-methanesulfonamide 




10 



S*»1.«H4<2-Bromo^oxy)H.h«nyn-1H-lml*«ot4.5^lpyridin-2.)rt).fur^^ 
ylamlne trifluoroacetato 

The * compound was prepared usi,^ me p™ced«e desortbed >n e«n^ 50. using 2- 
hOTWethanol as the alcohol. MS(ES*) m/e 381 tMH-H]' 

S«p 2. N^2W2H4^>no..un«an*y.)«c«»«4.«,pyrtd.„.1^^hen.x^^ 
methanesulfonamide 

The p^duc o. Step 1 (21.6.9. 0.042n™>.) and „«U,anesu«onam«e ,8.0n«, O.oao™™.) 

dissowed m DMF. Sodium Mr«e (60% dlspe^lon In n.ne.1 o,,. 6.3n«, 0.133n,mo,) 
^«Med.ott>e«aClon, and the m^ura was healed » 60 -C. After t«ohou., the 
ia .eac^wasludaedccmp^ebyLC^S. The «actU>n m^. was pou«d * ElOAc and 

diluted with pH 7 phosphate buffer. 

The laye^ were separated and .he aq«ous layer washed wim EtOAc (x3). The 
conVblned organic layers were drted over sodium su«ate. «Ke,ed, and ooncenfated. The 
.su«ina residue was purged by p«pa.a.ive HPUC (0-80% CH^CN/H^O (0.1% TFA). 
«ten.ion.me= 6.29 minutes) to yield t«e oompound as the *1fluon>aoe.ate sai. (5.0 

mg, 22%). MS (ES+) m/e 416 IM+H]+. 
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Example 63: {4-[2-(4-Amlno-furazan-3-yO-imiclazo[4,5-c]pyridin-1-yl]-phenoxy}- 
acetonitrile 




( 

N 

5 To a solution containing 1 50 mg of the product from Example 38 (0.51 mmols) in 2.6 mL of 
dry DMF was added 25 mg of NaH (0.61 mmols, 60% suspension in oil). After stirring at 
ambient temperature for 5 min, 0.033 mL of chloroacetonitrile (0.51 mmols) was added to the 
reaction via syringe. The reaction was warmed to OO^C for 16 h. After cooling to room 
temperature, 1 mL of water was carefully added to the reaction mixture. The mixture was 

.10 diluted with 20 * v^L of EtOAc and washed with 2N NaOH (3 X 10 mL). The organic layer was 
dried over MgS04, filtered, and concentrated in vacuo. The residue was dissolved in a 
minimum volume of DMSO and filtered through a 0.45 m acrodisc filter. The resulting 
solution was purified on the Gilson reverse-phase HPLC to afford the title product (4 mg, 
2%). MS (ES+) m/e 334 [M+H]+. 

15 The following examples were prepared using the general method of Example 63. 





Example 


alkyl halide or 
alkyi mesylate 


Characterization 


64 


4-{1-[4-(2-Dimethyl 
amino-1-methyl- 
ethoxy)-phenyl]-1 H- 
imidazo[4,5-c] 
pyridin-2-yl}- 


(2-chloro-propyl)- 
dimethyl-amine 


MS (ES"»") m/e 380 
[M+H3+ 
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furazan-3-ylamine 






65 


4"{1-[4-((S)-1- 
Methyl-pyrToliclin-2- 
ylmethoxy)-phenyq- 
1 H -imldazo[4,5- c 
]pyridin-2-yl}- 
furazan-3-yl amine 


((S)-1 -Methyl-pyrrolidin- 
2-yl) 

-methyl-mesylate 


MS (ES+) m/e 392 
[M+H]"^ 


66 


4-(H4-[2-(Benzyl- 
methyl-amino)- 
ethoxy]-phenyl}-1 H 
-imidazo[4,5- c 
]pyridin-2-yl)'- 
furazan-3-ylamine 


W-(2-chloroethyl)-A/- 

methylbenzylamine 

hydrochloride 


MS (ES+)m/e442 
[M+H1+ 



Example 67: 4-{1-I4-(2-Diethylamlno-ethoxy)-phenyll-1 H -imlcIazo[4,5- c ]pyrldin-2-yl} 
furazan-S-ylamine 




5 To a solution containing 50 mg the product from Example 38 (0.17 mmols) in 3.4 mL of dry 
DMF was added 14 mg of NaH (0.34 mmols, 60% suspension in oil). After stirring at 
ambient temperature for 5 min, 44 mg of 2-bromoethyl-diethylamlne (0.17 mmols) was 
added to the reaction. The reaction was warmed to 60°C for 16 h. After cooling to room 
temperature, 1 mL of water was carefully added to the reaction mixture. The mixture was 
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diluted with 20 mL of EtOAc and washed with 2N NaOH (3X10 mL). The organic layer was 
dried over MgS04, filtered, and concentrated in vacuo. The residue was dissolved in a 
minimum volume of DMSO and filtered through a 0.45 m acrodisc filter. The resulting 
solution was purified on the Gilson reverse-phase HPLC. The resulting product was 
5 dissolved in a minimum amount of MeOH and treated with excess 1 N HCI in diethylether. 
The resulting precipitate was collected and washed with diethylether to afford the title 
product (1 1 mg. 17%). MS (ES+) m/e 393 [M]+. 

The following examples were prepared using the same general method for Example 



67. 





Example 


alkyi hallde 


Characterization 


68 


4-{1-[4-(3-DjmethyI 
amino-propoxy)- 
phenyl]-1 H - 
imldazo[4,5- c 
]pyridin-2-yl}- 
furazan-3-ylamine 


N-{3-chloropropyl)- 
dimethylamine 


MS (ES^) 

m/e 380 [M+H]+ 


69 


4-{1-[4-(3- 
Diisopropylamino- 
ethoxy)-phenyl3-1 H 
-lmidazo[4,5- c 
lpyridin-2-yl}- 
furazan-3-ylamine 


N-(2-chloroethyl)- 
dlisopropyl-amine 
hydrochloride 


MS (ES+) 

m/e 422 [M+HJ* 


70 


4-{1-[4-(3- 
Morphorin-4-yl- 
ethoxy)-phenyIl-1 H 
-lmidazo[4,5- c 


N-(2-chloroethyl)- 
morpholine 


MS (ES+) 

m/e 408 [M+H]+ 
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]pyridin-2-yl}- 
furazan-3-ylamine 






71 


4^1.[4.(1-Methyl- 
piperidin-4-yloxy)- 
phenyll-1 H - 
imidazo[4,5- c 
]pyridin-2-yl}- 
furazan-3-ylamine 


N-methyl-4-chloro- 
piperldine hydrochloride 


MS {ES+) 

m/e 392 [M+H]"*- 


72 


4-{1-[4-(2-Piperidin- 
1-yl-ethoxy)- 
phenyl]-1 H - 
imidazo[4,5- c 
]pyridin-2-yl}- 
furazan-3-ylamine 


N-(2-chloroethyl)- 
piperidine hydrochloride 


MS (ES+) 

m/e 406 [M+H]+ 



Example 73: 4-{1-[4-((S)-1-Pyrrolidin-2-ylmethoxy)-phenyll-1 H -imldazo[4,5- c ]pyridin- 
2-yl}-furazan-3-ylamine 




5 This example was prepared using the same general method of Example 67 using (S)-(-)-1- 
(f©rt-butoxycarbonyl)-2-pyrrolldlnemethyl-mesylate (48 mg, 23%). MS (ES+) m/e 378 [M+H]+ 

The following examples were prepared from the product of Example 38 using the 
general method of Example 39 
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Example 


AlkyI halide 


Characterization 


74 


4-{1-[3-(2-Dimethyl 

amino-ethoxy)- 

phenyl]-1H- 

lmidazo[4,5- 

c]pyridin-'2-yl}- 

furazan-3-ylamlne 


N-(2-chloro-ethyl)- 

dimethyl-amine 

hydrochloride 


MS (ES-*-) 

m/e 366 [M+H]+ 


75 


4-{1-[3-(3- 

Dimethylamino- 

propoxy)-phenyl]- 

1 H-imiaazo[4,5- 

c]pyridin-2-yl}- 

furazan-3-ylamine 


N-(2-chloro-propyl) 

-dimethyl-amine 

hydrochloride 


MS (ES*) 

m/e 380 [M+H]+ 



Example 76: ^^.^ -vi-iVlethyl-butoxy)-phenyl]-1 H -imidazo[4,5- c lpyrld1n-2-yI>- 
furazan-3-ylamine 




5 The title compound was prepared using the same general method for Example 50 

starting from isoamyl alcohol. MS (ES+) m/e 364 [M+H]* 

Example 77: 4-{1-[3-(1-Methyl-plperidln-4-yloxy)-phenyl]-1H-Innldazo[4,5-clpyridln-2. 
yl}-furazan-3-ylamine 



70 



wo 03/080610 



PCT/GB03/01205 




The title compound was prepared from the product of Example 39 using the general 
method of Example 50 using N-methyl-4-hydroxy-piperidlne. MS (ES+) m/e 392 [M+H]+ 

5 Example 78: N^4-I2-(4-AmIno-furazan-3-yl)-1H-lmldazo[4,5-clpyrldin-2-yl]-phen 
N'-dimethyl-ethane-1 ,2-diamine 



Step 1 . 4-[1-(4-Amino-phenyl)-1 H-imIdazo[4,5-clpyrldIn-2-yl]-furazan-3-ylamIne 

10 The title compound was prepared by the method of Example 25 starting from 4-chloro-3-nitro 
pyridine and (4-aminophenyl)-carbamic acid t-butyl ester. MS (ES"*") m/e 294 [M+H]+ 

Step 2. N-{4-[2-(4-Amfno-furazan-^-yi)-1H-fmidazo[4,5-c]pyridin-1-yl]-ph N'- 
dimethyl-ethane-1 ,2-diamlne 

15 To a solution containing 500 mg the product from Step 1 (1 .7 mmol) in 10 mL DMF was 

added 200 mg of NaH (60% dispension in oil, 5.1 mmol). After 2 hours at room temperature, 
246 mg of 2-(dimethylamino)ethyl chloride hydrochloride (1.7 mmol) was added, and the 
reaction mixture was heated to 60 ^'C for 5 hours. The solvent was evaporated In vacuo to 
yield a residue which was partitioned between ethyl acetate and brine. The organic phase 
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was dried over anhydrous sodium sulphate, filtered, and concentrated in vacuo. Purification 
of the residue by Gilson reverse-phase HPLC afforded the title compound (24 mg, 4 %). MS 
(ES+) m/e 365 [M+H]+ 

Example 79: 1^4-[2-{4-Amino-furazan-3-yl)-lmldazoI4,5-c]pyrldln-1-yl]-phenyl}-3- 
5 methyl-urea 




To a solution containing 50 mg the product from Example 78, Step 1(0.17 mmol) in 1 mL 
pyridine, was added 20 mg of methyl isocyanate (0.34 mmol) dropwise at 0 "^C. The 
10 resulting mixture was stirred at room tempei-ature for 5 hours. The solven' > - iaporated 
in vacuo to yield a residue which was partitioned between ethyl acetate and brin 2. The 
organic phase was dried over anhydrous sodium sulphate, filtered, and concentrated in 
vacuo. Purification of the residue by Gilson reverse-phase HPLC afforded the title 
compound (5.4 mg, 9.0 %). MS (ES+) m/e 351 [M+H]+ 

15 

Example 80: N-{4-[2-(4-Amino-furazan-3-yl)-lmidazo[4,5-c]pyrldln-1 -yi]-phenyI}-C- 
dlmethylamino-acetamide 
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To a solution containing 100 mg of the product of Example 78, Step 1 (0.3 mmol) in 5 mL 
CH2CI2, was added 65 mg of dimethylamino acetyl chloride (0.4 mmol) and 92mg of 
triethylamine (0.9 mmol). The resulting mixture was heated to reflux for 12 hours. The 
reaction was cooled to ambient temperature and the solvent was concentrated in vacuo. 
The resulting residue was partitioned between ethyl acetate and brine. The organic phase 
was dried over anhydrous sodium sulphate, filtered, and concentrated in vacuo. Purification 
of the residue by Gilson reverse-phase HPLC afforded the titie compound (38 mg, 30%). MS 
(ES+) m/e 379 [M+H]+ 

The following examples were prepared using the general method of Example 30 





Example 


Aniline 


Ciiaracterization 


81 


4-[1-(1H-lnda2ol-5- 


5-amino-indazole 


MS (ES+) m/e 319 




yl)-1 H-imldazo[4,5- 




[M+H]+ 




clpyrldin-2-yl]- 








furazan-3-ylamine 






82 


4-[1-(1 H-lndazol-D- 


o-amino-inaaii-wic? 






yl)-1H-imidazo[4,5- 




[M+H1+ 




c]pyridin-2-yl]- 








furazan-3-ylamlne 






83 


4-{1-[4-(3- 


4-(3-dimethylamino 


MS (ES+) m/e 364 




Dlmethylamino- 


propyl)anlline (Klein, 


[M+H]+ 




propyl)-phenyl]-1 H- 


C. D. P.; 






imidazo[4,5- 


Klingmueller, M.; 






c]pyridin-2-yl}- 


Schellinski, C; 






furazan-S-ylamine 


Landmann, S.; 








i-iauschild, S.; 








Heber, 
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D.; Mohr, K.; 








Hopfinger, A. J. 








JMed.Chem. 1999, 








42, 3874 - 3888. 




84 


4-[1-(4- 


W,A/-Dimethyl- 


MS (ES+) m/e 322 




Dimethylamino- 


benzene-1 ,4- 


[M+H]+ 




phenyl)-1H- 


diamine (Wurster; 






imidazo[4,5- 


Chem.Ber. 1879, 






c]pyridin-2-yl]- 


12, 523.) 






furazan-3-ylamine 






85 


4-(1-enzo[1,3]dioxo 


benzo [1 ,3]dloxol-5- 


MS (ES+) m/e 323 




l-5-yl-1 H - 


ylamine 


[M+H]+ 




imldazo[4,5- c 








]pyridin-2-y!) 








furazan-S-yic^iiy.ii.':^ 






86 


4.[1-(2-Methyl- 


2-methyl-1. 2.3,4- 


MS (ES+) m/e 348 




1 ,2,3,4-tetrahydro- 


tetrahydro- 


[M+H]+ 




isoquinolin-7-yl)-1 H 


[soquinolin-7- 






-imidazo[4,5- c 


ylamine (Heer, J. P.; 






]pyridin-2-yll- 


Marling, John D.; 






furazan-3-yla mine 


Thompson, Mervyn. 

Synthetic 

Communications 

20U2, 

32(16). 2555- 
2563.) 
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87 


1-{4-[2-(4-Amino- 


4-amino- 


MS (ES+) m/e 336 




furazan-3-yl)- 


acetophenone 


[M+H]+ 




imidazo[4,5- c 








]pyridin-1-yl]- 








phenyl}-ethanone 








oxime 






88 


4-[1-(2.3.4.5- 


2,3.4,5-tetrahydro-1 


MS (ES*) m/e 348 




Tetrahydro-I H - 


H -benzo[c ]azepin- 


IM+H]+ 




benzo[c Jazepin-S- 


8-ylamine 






yl)-1 H -imida20[4,5- 


(Grunewald, G.L.; 






c ]pyridin-2-yl]- 


Dahanukar, V.H.; 






furazan-3-ylamine 


Criscione, K,R. 
Bioorganic & 




1 




Medicinal 

Chemistry 2001, 
1957-1965.) 




89 


7-[2-(4-Amlno- 


7-amino-3,4- 


MS (ES+) m/e 348 




furazan-3-yl)- 


dlhydro-2 H - 


tM+H]+ 




imidazo[4,5- c 


isoquinolin-1-one 






]pyridin-1-yll-3,4- 


(Lee, N-H.; Lee, C- 






dihydro-2 H - 


S.; Jung, D-S. 






isoquinolin-1-one 


Tetraliedron Lett. 
1998, 39, 1385- 
1388.) 




90 


4-[2-(4-Amino- 
furazan-3-yl)- 


4-amino-benzonitrile 


MS (ES*) m/e 337 
IM+H]+ 
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imidazo[4,5- c 
]pyridin-1-yl]- N - 
hydroxy- 

benzamidine 



Example 91 : N-{4-[2-(4-Amino-furazan-^-yl)-imidazo[4,5-c]pyridin-1-yl]-phenyl}-N,N',N'- 
trimethyl-ethane-1 ,2-diamine 



5 Step 1 : N, N, N'-Trimethyl- N'-(4-nitro-phenyl)-ethane-1 ,2-diamine 

To a solution containing 1 .52 g of 4-nitro-/V-methylanillne (1 0 mmol) in 30 m!. ~; :?\ ^ 
added 0.8 g of sodium hydride (60% dispension in oil, 20 mmol). After5> ^ . • ■-r'jrr^ 
temperature, 2.59 g of 2-(dimethylamino)ethyl chloride hydrochloride (18 mmol) and 0.4g of 
sodium hydride (60% dispension in oil, 10 mmol) were added. The reaction was heated at 
10 60 "C for 5 hours. The solvent was concentrated in vacuo to yield a residue which was 
partitioned between ethyl acetate and 2 M sodium hydroxide solution. The organic phase 
was washed with water(3x), dried over anhydrous sodium sulphate, filtered, and 
concentrated in vacuo to yield the title compound as a brown oil (1 .23 g, 55%). MS (ES+) 
m/e 224 [M+H]+ 

15 

Step 2: iV-(2-diinethylaminoethyl)-A/-methyl43enzene-1,4-diamine 




To a solution containing 1.23 g of product from step 1 (5.5 mmol) in 20 mL MeOH. was 
added 0.6 g of Pd (5 wt. % on activated carbon). The resulting suspension was stin^d under 
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H2 (50 psi) at room temperature for 3 hours. The reaction mixture was filtered through celite. 
The filtrate was concentrated in vacuo to yield the title compound as a colorless oil (0.71 g, 
67%). MS (ES+) m/e 194 [M+HJ+ 

5 Step 3: N-{4-[2-(4-Amino-f urazan-3-yl)"imidazo[4,5-c]pyridin-1 -yl]-phenyl}-N,N',N'- 
trimethyl*^thane-1 ,2-diamine 

This example was prepared using the general method of Example 30 using the product from 
step 2. MS (ES+) m/e 379 [M+H]* 

1 0 Example 92: N-{4-[2-(4-Amlno-f urazan-3-yl)-imidazo(4,5-c]pyrldin-1 -yU-phenyl}-N-(2- 
dlmethylamino-ethyl)- N\ N'-dlmethyl-ethane-1,2-diamIne 



Step 1 : A(-(2-dimethylamino-ethyl)-NVA/'-Klimethyl-iSr-(4-nltro-phenyl)-ethane-1,2^ 

To a solution containing 2.76 g of 4-nitroaniline (20 mmol) in 20 mL DMF was added 1.60 g 
15 of NaH (60% dispenslon in oil, 40 mmol). After 2 hours at room temperature, 2- 

(dimethylamlno)ethyl chloride hydrochloride (3.46 g, 24 mmol) was added, and the reaction 
mixture was heated at 60 ^^C for 12 hours. The solvent was evaporated in vacuo to yield a 
residue which was partitioned between ethyl acetate and brine. The organic phase was 
dried over anhydrous sodium sulphate, filtered, and concentrated in vacuo to yield a residue. 
20 Purification of the residue by flash chromatography with 2 % MeOH in CH2CI2 as the eluent 
yielded A/,W-dimethyl-A/'-(4-nltro-phenyl)-ethane-1,2-diamine (2.34 g, 56 %) and the title 
compound(1.23g, 22%). MS (ES+) m/e 281 [M+H]+ 
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Step 2: iy/,/V-bis-(2-dimethylamino-ethyl)-benzene-1,4-diamlne 

To a solution containing 1.23g of product from step 1 (4 mmol) In 20 mL MeOH. was added 
0.8 g of Pd (5 wt. % on activated carbon, 0.4 mmol). The resulting suspension was stinred 
5 under H2 (50 psi) at room temperature for 3 hours. The reaction mixture was filtered, and the 
filtrate was concentrated in vacuo to yield the title compound as a colorless oil (1 .10 g, 
100%). MS (ES+) m/e 251 [M+H]+ 

Step 3: N-{4-[2-(4-Ami no-f urazan-3-yl)-imldazo[4,5-clpyrldin-1 -yll-phenyl}-N-(2- 
10 dimethylamlno-ethyl)- N', N'-dimetliyl-ethane-1,2-diamine 

This example was prepared using the general method of Example 30 using the product from 
step 2. MS (ES+) m/e 436 [M+Hf 

Example 93: W-{2K^|^ ;'«-"'"r:=t5lnorfurazan-^-yl)-lmidazo[4,5'K:lpyri^ 
15 ethyI)-benzenesu'?.T;> 




The product of example 55 was suspended In dichloromethane (1.25mL) and tiiethylamine 
(0.218 mL, 0.487mmol) was added, followed by benzenesulfonyl chloride (0.023mL, 
0.182mmol). After 30 minutes, the reaction mixture was partitioned between ethyl acetate 
20 and 2N NaOH. The aqueous phase was washed with ethyl acetate (x1). The combined 
organic phases were washed with satd. aq. NaCI, dried over sodium sulfate, filtered and 
concentrated. The resulting residue was purified by preparative HPLC (0-80% CH3CN/H2O 
(0.1% TFA), retention time = 7.31 minutes) to yield the title compound as the trifluoroacetate 
salt (25.7 mg, 44%). MS (ES+) m/e 478 [M+H]+. 
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Example 94: 4-[1-(4-Amlnomethyl-phenyl)-1H-lmidazo[4,5-c]pyridin-2-yl]-^^ 



ylamine 




5 

Step 1 : {4-[2-(4-Amlno-furazan-3-yl)-imidazo[4,5-clpyridin-1 -yl]-benzyl}-carbamic acid 
tert-butyl ester 

The title cx)mpound was prepared from (4-aminobenzyl)-carbamic acid tert-butyl ester (J. 
Am. Chem. Soc, 1 12, 12, 2000, 2698-2710), using the procedures detailed In Example 30; 
10 MS {ES+), m/e 408 [M+HJ*. 

Step 2: 4-[1-(4-Amfnomethyl-phenyI)-1H-lmldazo[4,5-c]pyrldln-2-yl]-furazan-3-^^ 

The title compound was prepared from the product of Step 1 using the method of Example 
21; MS (ES+), m/e 308 [M+H]*. 
15 The following examples were prepared using the general two step method of 

example 94. 





Example 


Aniline 


Characterisation 


95 


4-[1 -(3-Aminomethyl-phenyl)-1 H- 

lmidazo[4,5-c]pyridin-2-ya- 

furazan-3-ylamine 


(3-Amlno-benzyl)- 
carbamlc acid tert- 
butyl ester. (J. 
Meof. Chem. 42, 


MS (ES+) m/e 308 
[M+H]+ 
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14^1999, 2504- 








2526) 




96 


4-[1 -(1 ,2,3,4-Tetrahydro- 


5-Amino-3,4- 


MS (ES+) m/e 334 




isoquinolin-5-yl)-1 H-imidazo[4,5- 


dlhydro-IH - 


[M+H]+ 




c]pyridin-2-yl]-furazan-3-ylamine 


isoquinoline-2- 
carboxylic acid 
tert-butyl ester. 
{Bioorg. Med. 
Chem. 8, 8, 2000, 
2085-2094). 




97 


4-[1-(1 ,2.3.4-Tetrahydro- 


7-Amino-3.4- 


MS (ES+) m/e 334 




isoquinolin-7-yl)-1H-imidazo[4,5- 


dihydro-1 H- 


IM+H]+ 




c]pyridln-2-yri-furazan-3-ylamine 


isoquinoline-2- 
carDoxyiic acia 
tert-butyl ester 
(WO 99/14197) 





Example 98: 4-[1-(2,3-Dlhydro-1 H-lsolndol-5-yl)-1H-lmldazo[4,5-clpyriclm-2-yl]-fura2an- 
3-yiamine 

Step 1: 5-nitroisoindoline nitrate 

5 Isoindoline (4g, 33.1 mmol) was added to 95%. sulphuric acid, the reaction was treated 
carefuily with fuming nitric acid (2.2ml) at O'C and stinred for 1 hour, then the mixture was 
poured onto ice and the resulting precipitate was collected by filtration and dried in vacuo to 
afford the title compound (4.1g, 46%); 1H NMR (DMSO-d6) 8.35 (1H. s). 8.35 (1H, d, 8.4Hz), 
7.70 (1H. d, 8.4Hz), 4.64 (4H,s). 

10 

Step 2: 5-Nitro-1,3-dihydro-lsolndole-2-carboxylic acid tert-butyl ester 
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The product of Step 1 (3.06g. 13.47nnmol) in dichloromethane (50ml) was treated with 
triethylamlne (4.09g, 40.42mmol) followed by di-tertbutyl dicarbonate (3.08g, 14.15mmol) 
and stirred at room temperature for 3 days. The reaction was then diluted with 
dichloromethane and washed with 3N citric acid, sodium bicarbonate solution, water and 
5 brine. The organic phase was separated, dried over anhydrous sodium sulfate and 

evaporated in vacuo to afford the title compound (3.5g. 98%); 1H NMR (CDCI3) 8.19 (2H, 
m), 7.26 (1H. m), 4.75 (4H, m). 1,52 (9H.s). 

Step 3: 5-Amino-1,3-dihydro-isoindole-2-carboxylic acid tert-butyl ester 
10 The product of Step 2 (3.5g, 13.25mmol) was dissolved in ethanol (200ml) and treated with 
10wt% Palladium on charcoal (1g), and stinted under 1 atm of H2 for 16 hours. The reaction 
was filtered and evaporated in vacuo to afford the title compound (3.01 g, 96%); MS (ES+), 
m/e 235 [M+Hf. 

1 5 Step4: 4-[1 -(2,3-Dihydro-1 H-isolndol-5-yl)-1 H-im:^:^^ ^ ■;j?yridin-2^n^r» 
ylamine 

The amine from Step 3 was reacted according to the general two step method of Example 
94 to give the title product. MS (ES+) m/e 320 [M+H]+ 

20 Example 99: 4-[1-(3-Pyrrolidin-2-yl-phenyl)-1 H -lmidazo[4,5- c ]pyridin-2-yll-furazan-3 
ylamine 




Step 1 : 2-(3-Nitro-phenyi)-pyiTole-1-carboxyllc acid tert -butyl ester 
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A solution of 1-bromo-3-nitrobenzene (1.5g 7.42mmol) in anhydrous 1 ,2-dimethoxyethane 
(10m!) was treated sequentially with 1,1-bistriphenylphosphine palladium II dichioride 
(260mg, 0.371 mmol), 2iVl aqueous sodium carbonate (7.4ml), and 1-(t- 
Butoxycarbonyl)pynroIe-2-boronlc acid (1.88g, 8.91 mmol) dissolved in ethanoi (10mi). The 
5 reaction was heated under reflux for 5 hours under argon. The solvent was evaporated and 
the residue dissolved in dichloromethane, washed with water, brine, dried over anhydrous 
sodium sulfate, and evaporated in vacuo. The residue was purified by silica gel 
chromatography eluting with a mixture of ether / hexane (5:95) to afford the title compound 
(1.09g, 51%); MS (ES+) m/e 288 [M+H]*. 

10 

Step 2: 2-(3-Amino-phenyl)-pyrrolldine-1-carboxylic acid tert -butyl ester 

The product of Step 1 (7.5g, 26.01 mmol), was dissolved In ethanoi (125ml), and treated with 
5wt% Platinum on charcoal (750mg). and stirred under 1 atm of H2 for 4 days. The reaction 
was filtered and the filtrate e*wf?;^-r.rated in vacuo. The residue was purified by silica gel 
15 chromatography eluting vvlU . cvij.lxture of ether / dichloromethane (5:95) to afford the title 
compound (4.2g. 62%); MS (ES+) m/e 263 [M+H]+. 

Step 3:2-{3-[2-(4-Amlno-furazan-3-yl)-lmldazo[4,5-clpyrldin-1-yl]-phenyl}-pyrrolldine-1- 
carboxylic acid tert-butyl ester 
20 The title compound was prepared from the product of Step 2 using the methods of example 
30; MS (ES+), m/e 448 [M+H]*. 

Step 4: 4-[1 -{3-PyrrolIdin-2-yl-phenyl)-1 H-imldazo[4,5-c]pyrldin-2-yll-ffurazan-3-ylamine 

The title compound was prepared from the product of Step 3 using the method of Example 
25 21 : MS (ES+), m/e 348 [M+H]*. 

Example 1 00: 4-(7-Bromo-1 -ethyl-1 H-lmidazo[4,5-c]pyrldln-2-yi)f urazan-3-ylamine 
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Step 1. (3-Bromo-5-nitropyridin-4-yl)ethyiamine 

To a solution of the product of Example 1 Step 1 (3.0g, 17,9mmol) In acetic acid (40ml) was 
added bromine (3.12g, 1ml. 19.7mmol) and the mixture was heated at 100°C for 20 hours. 
5 After cooling the solvent was removed in vacuo and the residue was partitioned between 
dichloromethane and saturated sodium bicarbonate solution. The organic phase was 
washed with water (xS), dried and evaporated in vacuo. Purification of the residue by silica 
gel chromatography eluting with 50% dichloromethane in ethyl acetate afforded the title 
compound (1.9g. 43%). NMR (DMSO-de) 8.73 (1H. s), 8.52 (1H. s), 7.0 (1H, br), 3.25 
10 (2H, m), 1.16 {3H, t. J 7.2Hz), 

>^>om^^ 

A solution of the product of Step 1 (0.5g, 2mmol) in ethanol (8ml) / water (10ml) was stirred 
at 60°C and sodium dithlonite (2.12g, 12.2mmol) was added protionwise. After 10 minutes 
15 the mixture was cooled to room temperature, and diluted with water and dichloromethane. 
The organic phase was dried and evaporated in vacuo, the residue was used directly in the 
next reaction; NMR (DMSO-de) 7.76 (1H, s), 7.75 (1H, s), 5.0 (2H, br), 4.46 (1H, t, 
J9.6HZ), 3.26 (2H. m), 1.06 (3H, t, J7.2Hz). 

20 Step 3- 4-(7-Bromo-1 -ethyM //-imidazo[4,5-clpyridin-2-yl)f urazan-3-yIamlne 

The title compound was prepared from the product of Step 2 using the methods of Example 
1 Steps 3 and 4; MH (ES+) m/e 309/31 1 [M+H]*. 

Example 101: 4-(1-Ethyl-7-phenyl-1H-imidazo[4,5-c]pyridin-2-yi)furazan-3-ylamine 
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A mixture of the product of Example 100 (50mg, 0.161 mmol), phenylboronic acid 
(30mg, 0.243mmol), bis(triphenylphosphine)palladlum (II) dichlorlde (11mg, 0.0161mmol), 
sodium carbonate solution (2M, 0.25ml) and toluene (3ml) was heated at 100°C for 3 hours. 
5 After cooling to room temperature the solvent was evaporated in vacuo and the residue 
purified by silica gel chromatography eluting with 50% dichloromethane in ethyl acetate to 
afford the title compound; (45mg, 92%). MS (ES+) m/e 307 [M+H]+ 

The following examples were prepared by the general method described in Example 

101. 





Example 


Boronic acid 


Characterisation 


102 


4-[1-Ethyl-7-(4- 
methoxyphenyl)-1 H- 
imida20[4,5-c]pyridin-2- 
yl]furazan-3-ylamine 


4-Methoxyphenylboronic 
acid 


MS(ES+) m/e 33? 1 
[M+Hf 


103 


4-(1 -Ethyl-7-thiophen-2-yl-1 H- 

imidazo[4,5-c]pyridin-2- 

yl)furazan-3-ylamlne 


Thiophene-2-boronic 
acid 


MS (ES+) m/e 
313[M+Hf . 



The following example was prepared by the general method described in Example 
101, replacing the toluene solvent by 1 ,2-dimethoxyethane. 



104 


4-[7-(4-Aminomethy[phenyl)- 


4-(Aminomethyl)- 




MS (AP+) m/e 




1 -ethyl-1 H-imida20[4, 5- 


phenylboronic 


acid 


336 [M+H]*. 
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c]pyridin-2-yllfurazan-3- 


hydrochloride 






ylamine 







The following example was prepared by the general method described in Example 
101 , replacing the toluene solvent by dioxane. 





Example 


Boronic Acid 


Characterization 


105 

1 WW 


4-r7-^3-Ethoxv-Dhenvl VI - 
ethyI-1 HHmidazo[4,5- 
c]pyridin-2-yl]-furazan-3- 
ylamine 


3-Ethoxyphenylboronic 
add 


MS (ES-i-) m/e 
361 

[M+nr 


106 


4-[1 -Ethyl-7-(2-fluoro-phenyl)- 
1 H-imida2o[4,5-c]pyridin-2- 
yl]-furazan-3-ylamine 


2-Fiuorophenylboronlc 
acid 


MS (ES+) m/e 

325 

[M+H]* 


107 


4-[1-Ethyl-7-(4- 
methanesulfonyl-phenyl)-1H - 
imiaazo|H-,o-c jpyriain--^-yij- 
furazan-3-ylamine 


4- 

(Methanesulfonyl)benzen 

o horonir* apiri 

C Uvli VJl IIK^ CI^IU 


MS (ES+) m/e 

385 

[M+H]* 


108 


4"I1-Ethyl-7-(4- 
trifluoromethyl-phenyi)- 1H - 
imidazo[4.5-c ]pyridin-2-yl]- 
furazan-3-ylamine 


4- 

Trifluoromethylben^neb 
oronic acid 


MS (ES+) m/e 

375 

[M+H]* 
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109 


4-[7-(2,4-Difluoro-phenyl)-1 - 
etnyl-1 H -imidazo[4,o-c 
]pyridln-2-yll-furazan-3- 
ylamine 


2,4- 

uiTiuoropnenyiDoronic 
acid 


MS (ES+) m/e 
[M+H]* 


110 


4-[1-Ethyl-7-(2- 
trifluoromethyl-phenyl)- 1H - 
lmidazo[4,5-c ]pyridin-2-yl]- 
furazan-3-ylamine 


2- 

Trifluoromethylbenzeneb 
oronic acid 


MS (ES+) m/e 

375 

[M+M] 


111 


4-[1-Ethyl-7-(4- 
methylsulfanyl-phenyl)- 1H - 
imidazoI4,5-c ]pyridin-2-yl]- 
furazan-3-ylamine 


4- 

(Methylthio)benzeneboro 
nic acid 

[ ' 


MS (ES+) m/e 

353 

[M+Hr 


112 


4"[7-(2,6-Dimethyl-phenyl)-1 - 
etnyi-1 n -imiaa20i4,o-c 
]pyrjdln-2-yl]-furazan-3- 
ylamine 


2.6- 

i^iiTi6Lnyipi icriy luwi ui iiu 
acid 


MS (ES+) m/e 
335 

WWW 

[M+HT 


113 


5-[2-(4-Amlno-furazan-3-yl)-1 - 

cii lyi" in 1 iivjci&.Vi'i,^} w 

]pyridin-7-yl]-2-fluoro- 
benzaldehyde 


4-Fluoro-3- 

formvlbenzeneboronic 

acid 


MS (ES+) m/e 

353 

[M+H]* 
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114 


4-[7-(3-Amino-phenyl)-1 - 
einyi- 1 n -imiaa^»j|,*»,o-t» 
]pyridin-2-yl]-fLirazan-3- 
ylamine 


3-Aminobenzeneboronic 


MS (ES+) m/e 

322 

[M+H]* 


115 


4-[1-Ethyl-7-(3- 
trifluoromethoxy-phenyl)- 1 H - 
imidazo[4,5-c jpyndin-z-yij- 
furazan-S-ylamine 


3- 

(Trifluoromethoxy)phenyl 
Doronic aciQ 


MS (ES+) m/e 
391 


116 


1 -{3-[2-(4-Amino-furazan-3- 
yl)-1-ethyl-1H -imidazo[4,5-c j 
pyridln-7-yll-phenyl}-ethanone 


3-Acetylphenylboronic 
acid 


MS (ES+) m/e 
(M+HJ* 


11? 


< -i2-(4-Amino-f urazan-3- 
y!)-1-ethyl-1H -imldazo[4,5-c ] 
pyridin-7-yl]-phenyl}- 
methanesulfonamide 


1(4- 

Methylsulfonyl)aminophe 
nyl]boronic acid 


MS (ES+) m/e 

400 

[M+H]* 


118 


4-[(Bis-trifluoromethyl- 
phenyl)-ethyl-1H 
imldazo[4,5-c ]pyridin-2-yl]- 
furazan-3-ylamine 


3,5-Bis(trifluoromethyl)- 
benzeneboronic acid 


MS (ES+) m/e 

443 

[M+H]* 
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119 


4-[2-(4-Amino-furazan-3-yl)-1 - 


3-Fluoro-4- 


MS (ES+) m/e 




ethyM H -lmldazo[4,5-c 


formylbenzeneboronic 


353 




]pyridin-7-ylh2-fluoro- 


acid 


[M+Hr 




benzaldehyde 







Example 120. 4-[1-Ethyl-7-(4-methanesulfinyl-phenyl)-1H -imidazo[4,5-c ]pyridin-2-yl] 
furazan-3-ylamine 




5 A solution of the product from Example 1 1 1 (0.030g, 0.085mmol) in diclilorGmeth?,?^ 

(4 mL), was cooled to -78**C under Argon, and was treated with mCPBA (0.029g, 
0.17mmol). Allowed the reaction mixture to warm to room temperature and stir for 6 hours. 
The reaction was reduced in-vacuo, then was dissolved in DMSO (1 mL), and purified on the 
Gilson via reveree-phase HPLC to afford the title compound (12mg. 38%); MS (ES+) m/e 
10 369 [M+H]*. 

The following example was prepared by the general method described in Example 
101 , replacing the toluene solvent by DMF. 





Example 


Boronic Acid 


Characterization 
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121 


5-[2-(4-Amino-f ura2an-3-yl)-1 - 

iafhwl-1 M -imtHavnrd 
t?u lyi" 1 n "11 1 iiQa^Li[,^|U'~w 

]pyridin-7-yl]-thiophen-2-yl}- 
carbaldehyde 


5-Formyl-2- 
uiiupiicncLior ui iiw dvHu 


IVIS (ES+) m/e 
IM+H]* 


122 


4-(7-Benzo[b ]thiophen-3-yl- 
1 -©inyi- 1 ri -irniaazoi^f ,D-c 
]pyridin-2-yl]-furazan-3- 
ylamine 


Benzothiophene-3- 
Doronic acia 


MS (ES-I-) m/e 

ODO 

[M+Hr 


123 


4-[1-Ethyl-7-(4-methyl- 
tniopnen-2-yl)- in 
imidazo[4,5-c ]pyrldin-2-yl]- 
furazan-3-ylamine 


4-Methylthiophene-2- 
boronic acid 


MS (ES+) m/e 

327 

[M+H]* 


124 


4-[1-Ethyl-7-(5-phenyl- 
thiophen-2-yl)- 1H 
imidazo[4,5-c ]pyridin-2-yl]- 
furazan-3-ylamine 


5-Phenylthiophene-2- 
boronic acid 


MS (ES+) m/e 



The following examples were prepared by the general method described in Example 
101, replacing the toluene solvent by 1 ,2-dimethoxyethane, and palladium 
bis(triphenylphosphine)pa[ladium (II) dichloride catalyst with 
5 tetrakis(triphenylphosphine)palladium (0). 



125 


4-(7-Benzo[1 ,3]dloxol-5-yl-1- 


3,4-Methylenedioxy 


MS (ES+) m/e 




ethyl-1 /^-imidazo[4,5- 


phenyl boronic add 


351 [M+H^. 




c]pyridin-2-yl)furazan-3- 








yfamine 
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126 


4-(1 -Ethyl-7-pyridln-4-yl-1 H- 

imidazo[4.5-c]pyridJn-2- 

yl)furazan-3-ylamlne 


4-Pyridylboronic acid 


MS (ES+) m/e 
308 [M+H]*. 


127 


4-(1 -Ethyl-7-pyridin-3-yl-1 H- 

imidazo[4,5-c]pyridln-2- 

yl)furazan-3-ylamine 


3-Pyridylboronic acid 


MS (cS+) m/e 
308IM+H]*. 


128 


4-(1-Ethy|.7-furan-3-yI-1 H- 

imidazo[4,5-c]pyridin-2- 

yl)furazan-3-ylamine 


3-Furylboronic acid 


MS (ES+) 
m/e297[M+Hr. 


129 


4-(1-Ethyl-7-thiophen-3-yl-1 

H-imida2o[4.5-clpyridin-2- 

yl)furazan-3-ylamine 


3-Tliiopheneboronic acid 


MS (ES+) m/e 
313[M+H1*. 


130 


4-[1 -Ethyl-7-{4-phenoxy- 
phenyl)-1 H-imldazo[4 ,6 - 
clpyridin-2-yl]furazan-3- 
ylamine 


4-Plienoxybenzene 

^l-r^^s^-^-C^lcid - 


MS {ES+) m/e 
399 [M+H] . 


131 


4-(1 -Ethyl-7-quinoline-8-yM 

H-imida2o[4,5-c]pyridin-2- 

yl]furazan-3-ylamlne 


8-Quinoiine boronic acid 


MS (ES+) m/e 
358[M+Hr. 


132 


4-[7-(3,5-Dimethyl-isoxazole- 
4-yl)-1-ethyl-1 H-imidazo[4,5- 
c]pyridin-2-yl]furazan-3- 
ylamine 


4-(3,5- 

Dimetliylisoxazole) 
boronic acid 


MS (ES+) m/e 
326 [IVI+H] . 


133 


4-[1 -Ethyl-7-(4-fluorophenyl)- 
1 H-imidazo[4,5-c]pyridin-2- 
yl]furazan-3-ylamine 


4-Fluorobenzene boronic 


ivio ^tioT^ m/e 
346 [M+H]*. 
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134 


4-11 -Ethyl-7-(4-indol-5-yl-)-1 

H-lmidazo[4,5-clpyridin-2- 

ylJfurazan-S-ylamine 


5-lndolylboronic acid 
acid 


MS lco+) fxve 
325[M+H1*. 


135 


3-[2-(4-Amino-furazan-3-yl)-1 - 
ethyM- H- 
imidazo[4,5,c]pyridin-7-yl]- 
benzonitrile 


3-Cyanophenyl boronlc 
acid 


MS (ES+) m/e 
332 [M+H] . 


136 


4-[2-(4-Amino-furazan-3-yl)-1 - 
ethyH- H- 
imidazo[4,5,c]pyridin-7-yl]- 
phenol 


4-Hydroxyphenyl boronic 
acid 


MS (ES+) m/e 
323 [M+H] . 


137 


N-{3-[2-(4-Amino-furazan-3- 
yl)-1-ethyl-1- . H- 

s-.-rv^ ifjU '>,c]pyridin-7-yll- 
ptiowviv-^etamide 


3-Acetamidoplienyl 
boronic acid 


MS (ES+) m/e 
364 [M+H] . 


138 


4-[2-(4-Amino-furazan-3-yl)-1 - 
ethyl-1- H- 
imidazo[4,5,clpyridin-7-yll- 
benzonitrile 


4-Cyanophenyl boronic 
acid 


MS (ES+) m/e 
332 [M+H] . 


139 


4-[1-Ethy)-7-{3- 
trifluoromethyl-phenyl)-1 H- 
imidazo[4,5-c]pyridin-2- 
yl)furazan-3-ylamine 


3-TrifIuorometliylphenyi 
boronic acid 


MS (ES+) m/e 
375 [M+H] . 


140 


{3-[2-(4-Amino-furazan-3-yl)- 
1^thyl-1- H- 
lmidazo[4,5.c]pyridin-7-yl]- 


(3-Hydroxymethyi) 
phenyl boronic acid 


Ivio ^to+; m/G 
337 [M+H]*. 
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phenyl}-methanol 






141 


3-[2-(4-Amino-furazan-3-yl)-1 - 
ethyH- H- 
imlda2o[4,5,clpyridin-7-yl]- 
N , N-dimethyl-benzamide 


N,N-Dimethylben2amide- 
3-boronic acid 


IVIS (ES+) m/e 
378 [M+H] . 


142 


4-{1 -Ethyl-7-[4-(5-methyl- 
[1 ,2,4]Oxadiazole-3-yl)- 
phenyl]-1 H-imidazo[4,5- 
c]pyridin-2-yl]furazan-3- 
ylamine 


4-(5-Methyl- 
[1,2.4]Oxadiazol-3- 
yl)benzene boronic acid 
[prepared from the 
corresponding bromide 
(W09743262) using the 
general procedure of 
Bagley et al Tetrahedron 
Leff. 2000, 41(35), 6901.] 


MS (ES+) m/e 
389 [M+H]* . 


143 


4-[2-(4-Amino-furazan-3-yl)-1 - 
ethyl-1- H- 
imidazo[4,5,c]pyridln-7-yl]- 
benzamide 


4-Aminocarbonylphenyl 
boronic acid 


MS (ES+) m/e 
350 [M+H] . 


144 


3-[2-(4-Amino-furazan-3-yl)-1 - 
ethyl-1- H- 
innidazo[4,5,c]pyridin-7-yl]- 
benzamide 


3-Aminocarbonylphenyl 
boronic acid 


MS (ES+) m/e 
350 [M+H] . 


145 


4-{7-[4-(2-Amino-ethyl)- 
pnenylj"1 -ethyM H- 
imldazo[4,5-c]pyridin-2- 
yl]furazan-3-ylamine 


4-(2-Amino-ethyl)- 
benzene boronic acid 
(WO9910022) 


MS (ES+) m/e 
350 [ivI+H] . 
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146 


4-[7-(3-aminomethyl-phenyl)- 
1-^thyl-1 H -imidazo[4.5- 
clpryridin-2-yl]-fura2an-3- 
ylamine 


3-Aminomethyl-phenyl 
boronlc acid 


MS (ES+) m/e 
336 [M+H]* 


147 


4-(1 -etnyl-7-o-tolyl-1 n- 

innidazo[4,5]pryidin-2-yl- 

furazan-3-ylamine 


2-ivi6inyipn6nyi uoronic 
acid 


MS (ES+) m/e 
322 [M+H]* 



The following example was prepared by the general method described in Example 
101, replacing the toluene solvent by A/,A/-dimethylfonmamide and replacing 
bis(triphenyIphosphlne)palladlum (II) dichloride with 1.1' -bis 
5 (diphenylphoshino)ferrocenedichloropalladium(ll) chloroform complex. 



148 


4-[2-(4-Amino-f urazan-3-yl)-1 - 


4-Formyl phenyl boronic 


MS (ES+) m/e 335 




ethyl-1 H-imidazo[4,5-c]pryidin-7- 


add 






yl]-benzaldehyde 




1 



Example 149: 4-[1-Ethyl-7-{4-morpholin-4-ylmethyl-phenyl)-1 H-imidazo[4,5-c]pyridin 
Z-ylJ-furazan-S-ylamine 




10 To a solution of tfie product of Example 148 (65mg, 0.19mmol) in metlianol (5mi) was 

added morplnoline (33mg, 0.033ml, 0.38mmol), acetic acid (0.2ml) and (polystyrylmethyl) 
trimethylammonlum <^anoborohydrlde (94mg, 0.38mmol). TTiis mixture was stirred for 18 
hours. The (polystyrylmethyl)trimethylammonium cyanoborohydride was filtered off and the 
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residue concentrated in vacuo. The residue was purified by silica gel chromatography eluting 
with DCM:methanol (40:1) to afford the title compound (21 mg, 13%); MS (ES+) m/e 406 
[M+H]*. 

The following compounds were prepared by the general method described in 



5 Example 149 from the product of Example 148. 





Example 


Amine 


Characterisation 


150 


4-[1 Ethyl-7-(4- 
ethylaminomethyl"phenyl)-1 H- 
imidazo[4,5-c]pyridin-2- 
yl]furazan-3-ylamine 


Ethylamine in THF (1M) 


IVIS (ES+) m/e 
364 [M+H]* 




^f-\4-[z-^4-Amino-Turazan-o-yi ^- 
1 -ethyl- 1 H-lmidazo[4,5-c]pyridin- 
7-yl]-benzylamino}-piperidine-1 - 
carboxylic acid fe/f-butyl ester 


H-Mrnino-pipenairie- 1- 
carboxylic acid te/t-butyl 
ester 


MS (ES+) m/e 
519 [M+H]* 


152 


4-[1 -Ethyl-7-(4-pyrrolidin-1 - 
ylmethyl-phenyl)-1 H- 
imidazo[4,5-c]pyridin-2-yl]- 
furazan-3-ylamine 


Pyrrolidine 


MS (ES+) m/ei 
390 [M+Hl* 



Example 1 53: 4-[1 Ethyl-7-(3-ethylamfnomethyl-phenyI)-1 A/-imidazo[4,5-c]pyridln-2- 
yl]furazan-3-ylamine 



1 0 Stepi : 3-[2-(4-Amino-f urazan-3-yl)-1 -ethyl-1 H-imidazo[4,5-c]pryidln-7-yll-ben2aldehyde 

94 




HN. 
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The crude title compound was prepared from the 3-formyIphenyl boronlc acid using the 
method of Example 148. . 

Step2: 4-11 Ethyl-7-(3-ethyIamlnomethyl-phenyl)-1H-imidazo[4,5-c]pyrldi"n-2-yl]furazan- 
3-ylamine 

5 The product of Step 1 was converted into the title compound by reaction with ethylamine (1 IVI 
in THF) according to the general method of Example 149. MS (ES+) m/e 364 [M+H]* 



The following compounds were prepared by the general method described in 
Example 149 from the product of Example 153 Step 1. 





Example 


Amine used 


Characterisation 


154 


4-[7-(3-Dimethylaminomethyl-phenyl)-1- 

ethyl-1/-/-imida2o[4,5-c]pyridin-2-yl]- 

furazan-3-ylamine 


Dimethylamine 


I\4S(ES+) m/e 365 
[I\/I+Hr 


155 


4-[1-ethyl-7-(3-morpholln-4-ylmethyl- 
phenv •>:dazo[4.5-c]pyrldin-2-yI]- 
furazan-S-ySs'.mine 


IVIorpholine 


MS (ES+) m/e 406 
[M+Hf 


156 


4-[1-Ethyl-7-(3-pyrrolidin-1-ylmethyl- 

phenyl)-1HHmida20[4,5-c]pyridin-2-yl]- 

furazan-3-ylamine 


Pyrrolidine 


iViS (ES+) m/e 390 
[IVI+Hf 



10 Example 157. {4-[2-(4-Aniino-furazan-3-yl)-1-ethyl-1H-imldazo[4,5-c]pyridin-7-yl]- 
benzyl}-piperidin-4-yl-amine 
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The title compound was prepared from the product of Example 151 using the method 
described In Example 21; MS (ES+) m/e 419 [M+H]* 



Example 1 58. {3-[2-(4-Amino-f urazan-3-yl)-1 -ethyl-1 H-imidazo[4,5-c]pyridin-7-yl] 
5 benzyl}-piperidin-4-yl-amine 




The title compound was prepared from 4-amino-plperidine-1-carboxylic add fe/t-butyl ester 
and the product of Example 153 Step 1 using the method of Example 149, followed by the 
method described in Example 21. MS (ES+) m/e 419 [M+H]* 

Example 1 59. 4-[2-(4-Amlno-f urazan-3-yl)-1 -ethyl-1 f#-lmldazo[4,5-c]pyrldln-7-yl] 
benzoic acid 




15 To a solution of the product from Example 100 (1 .5 g. 4.85 mmol) in 1 ,4-Dioxane (50 

ml) was added 4-carboxybenzene boronic add (1.20 g. 7.23 mmol), sodium carbonate (7 ml 
of a 2 M solution ) and tetrakis(triphenylphosphlne)palIadium(0) (1.12 g, 0,97 mmol). The 
reaction mixture was heated to reflux with stirring for 18 hours and allowed to cool. The 
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reaction mixture was filetered and washed with ether (5 x, 100 ml) to afford the title 
compound as a yellow solid (0.594 g, 35 %); MS (ES+) m/e 351 [M+HJ*. 



The following example was prepared by the method of Example 159 





Example 


Boronic acid 


Characterisation 


160 


3.[2-(4-Amlno-furazan-3-yl)-1 -ethyl- 
1 H-imidazo[4,5-c]pyridin-7-yl]- 
benzoic acid 


3-carboxybenzene 
boronic acid 


IVIS (ES+) m/e 351 
[M+Hf. 



5 Example 1 61 . 4-[2-(4-Amino*f urazan-3-yl)-1 -ethyl-l H-imidazoI4,5-lpyridin-7-yl]- 
phenyl}-1-morpholin-4-yl-methanone 




The product from Example 159 In DMF (5 ml) (0.200 g, 571 umol) was treated with 
10 PyBop (892 mg, 1.71 mmol), DIPEA (297 ul, 1.71 mmol) and morpholine (149 ul, 1.71 
mmol). The mixture was stinred at room temperature for 18 hours and the crude product 
concentrated to a glassy solid. The crude product was purified on a Gilson HPLC system to 
yield the titled compound as a solid (0.129 g. 54 %); MS (ES+) m/e 420 [M+Hl*. 

The following compounds were prepared by the general method described In 
15 Example 161 from the product of Example 159. 





Example 


Amine 


Characterisation 


162 


4-[2-(4-Amino-furazan-3-yl)-1 - 


phenethyl amine 


MS (ES+) m/e 454 
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ethyl-1 H -lmldazo[4,5- c Jpyrldin- 
7-yl]- N -phenethyl-benzamide 




[M+H]* 


163 


4-[2-(4-Amino-furazan-3-yl)-1- 
ethyl-1 H -imidazo[4,5-]pyridin-7- 
yl]-phenyl}-1 -pyrrolidin-1 -yl- 
methanone 


Pyrroliidine 


MS (ES+) m/e 404 
[M+nJ 


164 


4-[2-(4-Amino-furazan-3-yl)-1 - 
ethyl-1 H -lmidazo[4,5- c ]pyridin- 
7-yll- N -benzyl-benzamide 


benzylamine 


Mo (to+} m/e 
[M+H]* 


165 


4-[2-(4-Amino-furazan-3-yl)-1 - 
ethyl-1 H -lmldazo[4,5- c|pyridin-7- 
yl]-phenyl}-methanoyl)- 
pyrroHdlne-2- carboxylic acid 
methyl ester 


L-proline methyl 
estser 

\ - 


MS (ES+) m/e 462 
[M+HJ* 


166 


4-[2-(4-Amino-f urazan-3-yl)-1 - 
etnyi-i n -imiaazoi4,o- cjpynain-/- 
yl]-phenyl}-1 -(4-methyl-piperazln- 
1-yl)-methanone 


. -. ( I'o'ii <v i piperazine 


MS (ES+) m/e 433 
rM-i-i-ii* 



The following compounds were prepared by the general method described In 
Example 161 from the product of Example 160. 





Example 


Amine 


Characterisation 


167 


3-[2-(4-Amino-furazan-3-yl)-1 - 
ethyl-1 H -imidazo[4,5- c ]pyridin- 
7-yl]- N -phenethyl-benzamide 


phenethyl amine 


MS (ES+) m/e 454 

[M+Hr 


168 


3-[2-(4-Amino-furazan-3-yl)- 1 - 


benzylamine 


MS (ES+) m/e 440 
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ethyl-1 H -imidazo[4,5- c Ipyridln- 
7-yl]- A/-benzyl-benzamide 




[M+Hr 


169 


3-[2-(4-Amlno-fura2an-3-yl)-1 - 
ethyl-1 H Hmidazo[4,5- c]pyridin-7- 
yij-pnenyi)-meinanoyij- 
pyrrolidine-2- carboxylic acid 
methyl ester 


L-proline methyl 
estser 


MS (ES+) m/e 462 


170 


3-[2-(4-Amlno-fura2an-3-yl)-1 - 
etnyi-1 r/ -imiaazo[4,o- cjpyridin-/- 
yl]-phenyl}-1-(4-methyl-piperazin- 
1-yl)-methanone 


1 -methyl piperazine 


MS (ES+) m/e 433 
[M+n] 


171 


3-[2-(4-Amino-fura2an"3-yl)-1 - 
einyi" i o-iiiiiuaiO|,*T,o-jpynain-# -ylj-■ 
phenyl}-''is.' r. • ' .]in-4-yl- 
meth:!v • 


morpholine 


MS (ES+) m/e 420 



Example 1 72. [2-(4-Amino-furazan-3-yl)-1 -ethyl-1 //-lmldazo[4,5-c]pyridin-7-yl]-phenyl- 
amine 



5 




Under At, a solution of the product from Example 100 (24 mg, 77.6 mol) In 1,4- 
dioxane (0.8 ml) and toluene (1.2 ml) was treated with Tris(dibenzylidene- 
acetone)dipalladium (7.2 mg, 7.8 mol), raGemic-2,2'-Bis(diphenylphosphino)-1 .l-binaphthyl 
(9.7 mg, 15.6 mol), aniline (8.5 I, 93.1 mol), and sodium terf-butoxide (10.5 mg, 108.6 
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mol). This mixture was then heated to 175 °C by microwave for 45 min. After cooled to 
ambient temperture, the reaction mixture was diluted with ethyl acetate (30 ml), filtered 
though a cellte pad and then the filtrate was concentrated in vacuo. The residue was 
purified with reverse phase HPLC (10% MeCN/HaO -» 80% MeCN/HaO), to afford the title 
compound, (6.3 mg, 24%); MS (ES+) m/e 322 [M+H]*. 



The following examples were obtained by the method of Example 172. 





Example 


Aniline 


Characterisation 


173 


[2-(4-Amino-furazan-3- 
yl)-1-ethyl-1H- 
lmidazo[4,5-c]pyric(in-7- 
yl]-pyridin-3-yl-amine 


S-aminoDvridine 


iviwyt*w^^ It uxs ^ivi~nj 


174 


[2-(4-Amino-furazan-3- 

yl)-1-ethyl-1H- 

imidazo[4,5-c]pyridin-7- 

yl]-(4-morpholin-4-yl- 

phenyl)-amine 


4-morpholinoaniline 


MS (ES+) m/e 407 [M+H]* 



Example 175. 4-[1-Ethyl-7-(4-methoxy-phenylsulfanyl) -1//-lmidazo[4,5-c]pyridln-2-yq- 
furazan-3-ylamine 




Under Ar, a solution of the product from Example 1 00 (53.2 mg, 1 72 mol) in 1 ,4- 
dioxane (1 ml) and toluene (1.5 ml) was treated with Tris(diben^lidene-acetone)dipalladlum 
(15 mg, 17 mol). racemic-2,2'-Bis(dlphenylphosphino)-1.1'-blnaphthyl (20 mg, 34 mol), 4- 
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methoxybenzenethiol (26 I, 206 mol), and sodium terf-butoxide (23.5 mg, 241 mol). 
This mixture was then heated to 175 "^C by microwave for 1 h. After cooled to ambient 
temperture, the reaction mixture was diluted with ethyl acetate (30 ml) and methanol (30 m(), 
filtered though a celite pad and then the filtrate was concentrated in vacuo. The residue was 
5 purified with flash chromatography (hexanes/ethyl acetate 2:1), to afford the title compound, 
(35.6 mg, 56%); MS (ES+) m/e 369 [M+H]*. 



The following example was obtained by the method of Example 175. 





Example 


thiophenol 


Characterization 


176 


4-[1-Ethyl-7 -phenyl- 
sulfanyl) -1H- 
imiddzo[4,5-c]pyridin-2- 
yl]-furazan-3"ylamine 


benzenethiol 


MS(ES+) m/e 339 [M+H]* 



Exampie 177: 4-(1-cyciopropyl-7-phenyi-1H-lmldazo[4,5-c]pyi ^ , i/ .irazan-3- v 
10 ylamine 




Step 1. 3-Bromo-5-nitropyridin^-ol 

To a suspension of 4"hydroxy-3-nitropyridine (7.00g, 50 mmol) in water (50 ml) was added 
bromine (3.23ml, 63 mmol) dropwise at room temperature. The resulting mixture was stinred 
1 5 for one hour then heated to 50**C for two hours. After cooling to room temperature and 
stinring for a further hour the product was filtered off, washed with water and dried under 
vacuum for two days, affording 9,54g (87%); MS (AP-) m/e 217/219 [M+H]*. 



Step 2. 3-Bromo-4-chIoro-5-nitro-pyridine 
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To phosphorous oxychloride (50 ml) cooled in Ice was slowly added the product of step 1 
(6.57g, 30 mmol). To the resulting stimed solution was added N.N-diethylaniline (4.77ml, 30 
mmol) dropwise. The resulting mixture was warmed to room temperature, then heated to 
reflux for two hours. After this time the mixture was concentrated under vacuum and the 
residue poured onto Ice. The mixture was extracted into diethyl ether and the organic phase 
washed twice with water, followed by once with brine before concentrating to a brown oil 
which solidified on standing, 8.01g (>100%); NMR (CDCI3) 8.94 (1H, s), 8.93 (1H, s). 

Step 3. (3-Bromo-5-nitro-pyridin-4-yl)-cyciopropyf-amine 

To a solution of the product of Step 2 (8.01 g, ca. 30mmol) in dichloromethane (100ml) at O'C 
was added (yclopropylamine (4.16ml, 60 mmol) drop-wise. The resulting mixture was stirred 
overnight at room temperature, then concentrated under vacuum to a residue and re- 
dissolved in ethyl acetate, basifying with sodium bicarbonate. The organic phase was 
v(^shed with water three times, followed by tvy^ . v 'l- 

vacuum to a crude solid. This oil was purifl'? ' ' ^ -> chromatography eluting vyith a 
gradient of 50% DCM/hexane to DCM affording product as a yellow solid, 6.22g (80%); MS 
(ES+) m/e 258/260 [M+HJ*. 

Step 4. 5-Bromo-N'*-cyclopropyl-pyridine-3,4-diam!ne 

To a stirred solution of the product obtained from Step 3 (2.95g, 11.4mmol) in glacial acetic 
acid (50ml) was added iron dust (3.35g, 60mmol). The resulting mixture was stin-ed at 80°C 
for 90 minutes, after which it was filtered through Celite and the liquor concentrated under 
vacuum. The crude product was re-dissolved in ethyl acetate, basified with sodium 
bicarbonate and refiltered. Th oipanic phase was washed with water three times, followed by 
twice with brine before concentrating under vacuum to give the product. Passed through a 
silica plug aff^ording product as an oil, 1.65g (63%); MS (ES+) m/e 228/230 [M+H]*. 
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Step 5. 4-(7-Bromo-1-cyclopropyl-1 H-imidazo[4,S,c]pyridin-2-yl)-furazan-3-yIamine 

The title compound was prepared from the product of Step 4 using the method of Example 1 
Steps 3 and 4; MS (ES+) m/e 321/323 [M+H]*. 



Step 6. 4-(1 -CyclopropyN7-phenyl-1 H-imidazo[4,5-c]pyridin-2-yi)furazan-3-ylamine 

The title compound was prepared from the product of Step 5 and phenylboronic acid using 
the method of Example 101; MS (ES+) m/e 31 g [M+H]* . 

The following compounds were prepared from the product of Example 177, Step 5 
and the corresponding boronic acid using the general method of Example 101 



178 


4-[7-(4-Aminomethylphenyl)- 
1 -cyclopropyl-1 H-imldazo[4,5- 
c]pyridin-2-yl]furazan-3- 
ylamine 


4-(Am(nomethyl)- 
phenylboronic acid 
hydrochloride 


MS (ES+) m/e 
348 [M+Hf. 


179 


4-(1 -Cyclop"^' I'ophen- 

2-yl-1 . !lUcaZO[4,5- 

c]pyridin-2-yl)furazan-3- 
ylamine 


2-Thiopheneboronic acid 


MS (ES+) m/e 
325[M+Hr: 



Example 1 80. 4-(7-Broino-1 -phenyl-1 H-iinidazo[4,5-c]pyridin-2-y])-f urazan-3-ylamlne 




The title compound was prepared from the product of Example 177 Step 2 and arilline using 
the method described in Example 177 Steps 3-5; MS (ES+) m/e 358 [M+H]''". 



103 



wo 03/080610 PCT/GB03/01205 

Example 181. 4-(1-Phenyl-7-4hlophen-2-yl-1H-lmidazo[4,5-c] pyridln-2-yl)-furazan-3 
ylamine 




A stirred mixture of tlie product from Example 1 80 (50 mg, 0.14 mmol), thilopiiene-2-boronic 
5 acid (27 mg, 0.21 mmol) and Pd(dppf)2Cl2 CH2Cl2 (1 1 mg, 0.014 mmol) in 3.5 ml of 2.5:1 
Dioxane/2 M K2CO3 contained in a 20 ml pressure tube was heated to 1 10 "C for 18 h. The 
resulting biphase mixture was cooled to room temperature. The organic layer (top) was 
removed with pipet, filtered to remove the Pd. The aqueous layer was extracted once with 
EtOAc. EK)Ac was combined with the organic filtrate, washed with safd NaHCOa, water, 
10 brine, dried (Na2S04) and reduced in vacuo, the residue was purified by silica gel 

chromatography eluting with 10% MeOH In CHCI3, to afford the title compound, (9 mg, 
■ i^j); MS (ES+) m/e 361 [M+H]+. 

The follovwng examples were prepared from the product of Example 180 using the 
1 5 mettiod described in Example 181. 





Example 


Boronic acid 


Characterisation 


182 


4-(1,7-Diphenyl-1H- 

imidazo[4,5-c]pyridin-2- 

yl)-furazan-3-yIamine 


phenylboronic add 


MS(ES+) m/e 355 [M+HY 


183 


4-[2-(4-Amlno-furazan-3- 
yl)-1-phenyM H-imldazo 
[4.5-c]pyridjn-7-yO-phenol 


4-hydroxybenzene 
boronic acid 


MS (ES+) m/e 371 [M+H]* 


184 


4-I7-(3,5-Dimethyl 


3,5-dimetliyl 


IVIS (ES+) m/e 374 [l^l+Hf 
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isoxazole-4-yl)-1 -phenyl- 


isoxazole-4-boronic 






1 ff'll 1 IIUa^U[H|W'^J 








pyridin-2-yl]-furazan-3- 








ylamine 







Example 185. 4-[7-(4-Ethylaminomethyl-phenyi)-1-phenyl-1H-imidazo[4,5-c]pyridin 
yl]-furazan-3-ylamine 




5 Step 1. 4-|;2^4-Amino4'urazan-3-^l)-1-phenyl-1H-imidazo|>l,?-rw % 
benzaldehyde 

A stirred mixture the product of Example 180 (0.2 g, 0.56 mmoi), 4-formylbenzenedoronic 
acid (0.126 g, 0.84 mmol) and Pd(dppf)2Cl2 CH2CJ2 (0.046 g. 0.056 mmol) in 6.0 ml of 2.5:1 
Dloxane/2 M K2CO3 contained in a 20 ml pressure tube was heated to 1 10 for 18 h. The 

10 resulting biphase mixture was cooled to room temperature. The organic layer (top) was 
removed with pipet, filtered to remove the Pd. The aqueous layer was extracted once with 
EtOAc. EtOAc was combined with the organic filtrate, washed with safd NaHCOa, water, 
brine, dried (Na2S04) and reduced in vacuo, the residue was purified by silica gel 
chromatography eluting with 10% MeOH (n CHCI3, to afford the title compound, (0.10 g, 

1 5 47%); MS (ES+) m/e 383 [M+H]+, 



Step 2. 4-[7-(4-Ethyiaminomethyi-phenyi)-1-phenyi-1H*imldazo[4,5-c]pyridin-2-yl]- 
furazan«3-ylamlne 
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To a stirring solution of the product from step 1 (0,1 g, 0.26mmol) and ethylamine (in THF, 
0.12 ml, 0.24 mmol) in methylene chloride (4 ml) was added sodium triacetoxyborohydrlde 
(0.055 g, 0.26 mmol) and acetic acid (0.4 ml). The reaction mixture was stirred overnight 
The solvent was removed and the residue was washed with sat'd NaHCOs, extracted 3 x 
5 with EtOAcwater, dried (Na2S04) and reduced In vacuo. The residue was purified by silica 
gel chromatography eluting with 30% ethyl acetate in hexane, to afford the title compound, 
(0.016g, 15%); MS (ES+) m/e411 [M+H]*. 

Example 186. 2-(4-Amino-*furazan-3-yl)-1-phenyl-1H-imidazo[4,5-c]pyridine-7- 
10 carboxylic acid 




A solution of the product from Example 180 (O.'l .i .y, .iA, J) in tetrahydrofuran (10 ml) at 
78®C was treated with 2 M solution lithium diisopropyiamide (LDA, 0.28 ml, 0.56 mmol) in 
hexane under argon. After 5 minutes the solution was treated with a 1.6 M solution of n- 

15 butyl lithium (0.52 ml, 0.84 mmol) in hexane at -78®C. The mixture was stin-ed for 10 mins, 
then carbon dioxide gas was bubbled through the solution for 10 mins. The resulting pale 
yellow suspension was allowed to warm to room temperature over 2 h, water (1 ml) in 
tetrahydrofuran (3 ml) was cautiously added dropwise and the mixture concentrated in 
vacuo. The residual solid was washed with ether (2x10 ml) then dissolved in methanol (10 

20 ml) containing glacial acetic acid. The solvent was evaporated and the residue triturated 
under ether (2 ml) and filtered to give the title compound (10 mg, 11%); MS (ES+) m/e 323 
[M+H]+. 
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Example 187. 



4-[7-Bromo-1 -(4-methoxy-phenyl)-1 H-imidazo[4,5-c]pyridin-*2-yl]- 



furazan-^-ylamine 




Br 



O — 



The title compound was prepared from the product of Example 177 Step 2 and 4-methoxy- 
aniline using the method described in Example 177 Steps 3-5; MS (ES+) m/e 388 [M+H]"*". 

Example 1 88. 4-[2-(4-Amino-furazan-^-yl)-7-bromo-imldazo[4,5-c]pyrldin-1 -yl]-phenol 



To a solution of the product from Example 187 (0.1 g, 0.26 nrimol) in anhydrous 
dichloromethane (10 ml) stirred at 0 °C, was added dropwise boron tribromide (1.0 M 
solution in dichloromethane, 2.3 ml, 2.3 mmol) and the mixture stirred at room temperature 
for 16 hours. The reaction was quenched with water (20 ml), basifled to pH 14 with 50% 
sodium hydroxide solution. The aqueous phase was washed with dichloromethane 3x, 
neutralised with 6 N hydrochloric acid, and the resulting precipitate collected, washed with 
water 3x, diethyl ether and dried in vacuo to yield the title product (40 mg, 40%); MS (ES+) 
m/e 374 [M+H]+. 




OH 
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Example 1 89. 4-{1 .[4-(2-Dimethylamlno-ethoxy)-phenyl]-7-phenyl-1 H-imidazo[4,5-c] 
pyridin-2-ylHurazan-^-ylamlne 



Step 1. 4-{7-Bromo-1-[4-(2-dlmethylamIno-ethoxy)-phenyl] -1H-lmlda2o[4,5-cl pyridin- 
5 2-yl}-furazan-3-ylamine 

The title compound was obtained from the product of Exaample 188 by the method of 
Example 41; MS (ES+) m/e 444/446 [M+H]+. 

Step 2. 4-{1-[4-(2-Dimethylamino-ethoxy)-phenyll-7-phenyl-1H-lmidazo[4,5-c] pyridin-2- 

10 "'^Tjan-S-ylamlne 



• j-nixture of the product of Step 1 (0.1 g. 0.23 mmol), phenylboronic acid (41 mg, 
0.34 mmol) and Pd(dppf)2Cl2'CH2Cl2 (19 mg, 0.023 mmol) in 2.5 ml of 2.5:1 Dioxane/2 M 
K2CO3 contained In a 20 ml pressure tube was heated to 110 ®C for 18 h. The resulting 
biphase mixture was cooled to room temperature. The organic layer (top) was removed with 
15 pipet, filtered to remove the Pd. The aqueous layer was extracted once with EtOAc. EtOAc 
was combined with the organic filtrate, washed with safd NaHCOa, water, brine, dried 
(Na2S04) and reduced in vacuo, the residue was purified by silica gel chromatography 
eluting with 10% MeOH in CHCI3, to afford the title compound, (16 mg, 16%); MS (ES+) m/e 
442 [M+H]+, 

20 

The following examples were prepared from the product of Exaple 189, Step 1 using the 
method of Example 1 89, Step 2. 
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Example 


Boronic acid 


Characterisation 


190 


4-[1 -[4-(2-Dimethylamino 
-ethoxy)-phenyl]-7-(4- 
Tiuoro'-pnenyi i ri~ 
imldazo[4,5-c]pyridin-2- 
yl]-fura2an-3-ylamlne 


4-fluorophenyl 
boronic acid 


MS(ES+) m/e 460 [M+Hf 



Example 191 : [2-(4-Amino-furazan-3-yl)-1-ethyl-1H-imidazo[4,5-c]pyridin-7-ylmethyl]- 
plperidin-4-yl-amine 




5 . . . 

Step 1.2-<4-Amino-furazan-3-yl)-1-ethyl-1//-lmldazo[4,5-c]pyrIdine-7-c^ 

A solution of the product from Example 100 (0.1g, 0.324mmol) in tetrahydrofuran (4mi) at - 
78°C was treated with a 1.6M solution of n-butyllithium (0.6ml, 0.97mmol) in hexanes. After 
5 minutes the mixture was treated with dimethylformamide (0.3ml) and allowed to reach 
10 room temperature. After 30 minutes at room temperature the reaction was carefully 

quenched with water and extracted into dichloromethane (x2). The organic layer was then 
washed with brine, dried (Na2S04) and reduced in vacuo. The residue was purified by silica 
gel chromatography eluting with ethyl acetate, to afford the title compound, (0.034g, 41%); 
MS (ES+) m/e 259 IM+H]\ 

15 

Step 2. 4-{[2-(4-Amino-furazan-3-yl)-1 -ethyl-1 H-imldazo[4,5-c]pyridin-7-ylmethyl]- 
amlno}-piperidine-1-carboxylic acid te/f-butyl ester 
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The title compound was prepared from the product of Step 1 and 4-Amino-piperidine-1- 
carboxylic add fe/t-butyl ester according to the general method of Example 149; MS (ES+) 
m/e443[M+Hr. 

5 Step 3. [2-(4-Amino-furazan-3-yl)-1-ethyl-1H-inriidazo[4,5-c]pyrldin-7^^^ 
piperidin-4-yl-amine 

A solution of the product from Step 2 (0.075g, 0.17mmol) in dichoromethane (1ml) was 
treated with trifluoroacetic acid (1ml). After 2 hours the reaction was reduced in vacuo, 
dissolved in methanol and applied to a SCX ion exchange column and eluted with methanol 
10 and then a mixture of methanol/0.880 ammonia (9:1). The basic fractions were then reduced 
to afford the title compound, (0.053g. 91%); MS (ES+) m/e 343 [M+H]*. 

The following examples were prepared from the product of Example 191 Step 1 using 
the method described in Example 149 followed by the method of Example 191 Step 3 





Example 


Amine 


' ' ^ * \v:tDrisation 


192 


1 -[2-(4-Aminb-furazan-3- 


Piperidin-4-yl- 


.;.::>-v^iTi/e 343 [M+Hr 




yI)-1-ethyl-1H- 


carbamic acid te/t- 






imidazo[4,5-c]pyridin-7- 


butyl ester 






ylmethyll-piperidin-4- 








ylamlne 






193 


4-(1 -Ethyl-7-plperazin-1 - 


piperazine-l- 


MS (ES+) m/e 329 [M+Hl* 




ylmethyH H-imidazo[4,5- 


carboxylic acid tert- 






c]pyridin-2-yl)-furazan-3- 


butyl ester 






ylamine 







15 Example 194. A/ <-[2-(4-Amino-furazan-*3-yi)-1-ethyM H -imidazo[4,5-c]pyridln-7< 
ylmethyl]-Af-plperldln^-yl^cetamide 
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Stop 1. 4-{Acetyl-[2-(4-ainino-furazan-3-yl)-1 -ethyl -IH-imidazo [4,5-c]pyridin-7- 
ylmethyl]-amino}-piperidine-1-carboxylic acid terf-butyl ester 

5 The title compound from Example 191, Step 2 (145mg, 0.3mmol) in dichloromenthane at 0 
°C was treated with potassium carbonate (90mg. 0.66mmol) followed by acetyl chloride ( 
26mg, 0.33mL), and the mixture was stirred at room temperature for 1 hour. Purification of 
the residue by silica gel chromatography eluting with 10% methanol / dichloromethane 
afforded the title compound (68mg. 10%). MS (ES+) m/e 484 [M+H]*. 

10 

Step 2. N -[2-(4-Aniini 1 V. : iV .-^^^^ H -imldazo[4,5-c]pyridin-7-ylmethyl]-iy- 

piperidin-4-yl-acetamlde. 

The title compound was prepared from the product of Step 1 and 4-Amlno-piperidine-1- 
cari50xylic add teA#-butyl ester according to the general method of Example 191 Step 3. MS 
1 5 (ES+) m/e 384 [M+H]+. 

The following examples were prepared from the product of E)«imple 191 Step 1 using 
the method described In Example 149. 





Example 


Amine 


Characterisation 


195 


4-{7-[(4-Bromo- 
benzylamino)-methyl]-1 - 
ethyH A/-lmidazo[4.6-c] 
pyridln-2-ylHurazan-3- 


4-Bromo- 
benzylamine 


MS(ES+) m/e 429 [M+H]* 
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ylamine 






196 


4-{1 -Ethyl-7-[(3-methoxy- 
benzylamino)-methyl]- 
1 H-imldazo[4,5-c]pyridin- 
2-yl}-furazan-3-ylamine 


3-Methoxy- 
benzylamine 


MS (ES+) m/e 380 [M+Hf 


197 


4-(1 -Ethyl-7-morpholin-4- 
ylmethyM H-imidazoI4,5- 
c]pyridin-2-yl)furazan-3- 
ylamine 


Morpholine 


MS(ES+) m/e 330 [M+H]* 


198 


4-(1 -Ethyl-7-piperidin-1 - 
ylmethyl-1 H-imcdazo[4,5- 
c]pyridin-2-yl)furazan-3- 
ylamine 


Piperidine 


NMR (D^DMSO) 5 9.06 
(1H. s). 8.27 (1H, s), 6.96 
(2H, br s), 5.00 (2H, q, J 8, 
13Hz), 3.77 (2H, s), 2.50- 
2.25 (4H, m). 1.56-1.30 (9H. 
m) 


199 


4-[1-Ethyl-7-(4- 
ethylpiperazin-1- 
ylmetnyi}- 1 ti- 
imidazo[4,5-c]pyridin-2- 
yl)furazan-3-ylamine 


1-Ethylpiperazine 


MS(ES+) m/e 357 [M+Hf 



Example 200: 4-{1-Ethyl-7-[4-(4-fluoro-phenyl)-piperazin-1-ylniethyl]- 1H-imidazo[4,5- 
c]pyridin-2-yl)furazan-3-ylamine 



112 



wo 03/080610 



PCT/GB03/01205 




The product of Example 191 Step 1 (0.10g, 0.38mmole) in 1 ,2-dichloroethane (5ml) was 
treated with 1-(4-fluorophenyl)piperazine (0.1 Og, 0.58mmole) and stirred at ambient 
temperature for 15 minutes. Sodium triacetoxyborohydride (0.1 6g, 0,76mmole) was added 
5 and the reaction mixture stirred at ambient temperature for 18 hours. The mixture was 
diluted with dichloromethane, washed (x2) with saturated sodium hydrogen carbonate 
solution followed by saturated brine, dried over magnesium sulphate and concentrated in 
vacuo. The residue was purified by column chromatography on silica gel eluting with ethyl 
acetate to afford the title compound; MS(ES+) m/e 357 [M+H]* 
10 The following examples were prepared from the product of Example 191 Step 1 usinci 

the method described in Example 200. 





Example 


Amine 


Characterisation 


201 


4-{1-Ethyl-7-[(3- 

pyrrolidin-1-yl- 

propylamino)-methyll- 

1H-imldazo[4.5- 

c]pyridin-2-ylHurazan- 

3-ylamine 


1-(3- 

aminopropyl)pyrroli 
dine 


MS(ES+) m/e 371 [M+H]* 


202 


[2-(4-Amino-furazan-3- 
yl)-1-ethyl-1H- 
imida2o[4,5-c]pyridin-7- 
ylmethyl]-methyl-(1 - 
methyl-piperidin-4-yl)- 


1-IVIethyI-4- 

(methylamino)- 

piperidine 


IVIS(ES+) w/e 371 [M+H]* 
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amine 






203 


4-[1-Ethyl-7-((S)-2- 
pyrrolidin-1 -y Imethyl- 
pyrrolidln-1 -yimethyl)- 
1H-imidazo[4,5-c] 
pyridin-2-yl]- furazan-3- 
ylamine 


(SH+)-1-(2- 

pyrroIidinylmethyl)p 

yrrolidine 


MS(ES+) m/e 397 [M+Hl* 


204 


2-{4-[2-(4-Amino- 
furazan-3-yl)-1 -ethyl- 
1H-imldazo[4,5- 
c]pyridln-7-yImethyl]- 
piperazin-1-yl}-1- 
pyrrolidin-1 -yl-ethanone 


1- 

(Pyrrolidinocarbony 
ImethyOpiperazine 


iy/IS(ES+) m/e 440 [M+Hf 


205 


4-{1-Ethyl-7-[(2- 
pyrrolidin-1-yI- 
ethylamino)-methyl]-1 H- 
-imidazo[4,5-c]pyrldin-2- 
yl}-furazan-3-ylamine 


1-(2-Aminoethyl)- 
pyrrolidine 


r 'iv --.^ ' v. - 357[M+H]* 


206 


4-[1-Ethyl-7.(4-methyl- 
piperazin-1 -ylmethyl)- 
1H- imidazo[4,5-c] 
pyridin-2-yll-furazan-3- 
ylamine 


N-Methyl- 
piperazine 


IV»S(ES+) m/e 343 [M+HT 


207 


4-[1 - tthyl-7-((K)-2- 
pyrrolidin-1 -ylmethyl- 
pyrrolidin- 1 -ylmethyl)- 


(SH+)-1-(2- 
pyrrolidinylmethyl)p 
yrrolidine (de Costa 


iviovto+) m/e oof [ivi+nj 
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1 r7-irniaazo[4,o-cj 
pyridln-2-yl]- furazan-3- 
ylamine 


era/, j. 

Med.Chem,, 1992; 
35; 23. 4334-4343) 




208 


4-I7-((S)-3- 
Dimethylamino- 
pyrrolidin-1 -ylmethyl)-1 - 
einyi-1 rf-irTiiaazoi*i-,D- 
c]pyridin-2-yl]-fura2an-3- 
ylamine 


Dimethyl-(S)- 
pyrrolidin-3-yl- 
amine (Cesare, P. 
et a/, J. 

Med.Chem., 1992; 
35; 22. 4205-4213) 


MS(ES+) m/e 357 [M+HJ* 


209 


[2-(4-Amino-furazan-3- 
yl)-1-ethyl-1W- 
iiTiiaazoL'H-, o-cj pyriu in- A - 
ylmethyl]-(1 -methyl- 
piperidin-4-yl)-amine 


1 -Methyl-piperidln- 
4-ylamjne (Brookes 
ef a/, J. Onem. 
Soc, 1957; 3165- 


MS(ES+) m/e 357 [M+H]* 


210 


4-[1-Ethyl-7-((S)-2 

morpholin-4-ylmethyl- 

pyiTolidIn-1 -yimethyl)- 

1H-lmldazo[4,5-c] 

pynuin-ifc-yij-Turazan-w- 

ylamlne 


V ; >i-yrrolidln-2- 
ylmethyl- 

morpholine (Asami, 
M. efa/. Bull. 
Chem. Soc. Jpn, 
1990; 63, 3, 721- 
727) 


MS(ES+) m/e 413 [M+H]* 


211 


4-{1-Ethyl-7-[(3- 

plperidin-1-yl- 

DroDVlanriino)-methvl1- 

1/V-imidazo[4,5-c| 

pyridin-2-yl}-furazan-3- 


3-Piperidin-1-yl- 
propylamine 

(\ phnrmn l^hi^m 

11 1 ICII 1, 

Ber., 1894; 27, 
2176) 


MS(ES+) m/e 385 [M+H]* 
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ylamine 






212 


4-{1-Ethyl-7-[(3- 

morpholin-4-yl- 

propylamino)-methyQ- 

1H-lmidazo[4.5-c] 

pyridin-2-ylHurazan-3- 

ylamine 


3-Morpholln-4-yl- 
propylamine 
(Utermohlen et al, 
J. Amer.Chem. 
Soc. 1941; 63. 
156-158) 


MS(ES+) m/e 387 [M+Hf 


213 


4-(1-Ethyl-7-{[3-(4- 

methyl-piperazin-1 -yl)- 

propylamino]-methyl}- 

1W-lmlc[azo[4.5-c] 

pyridin-2-yl)-furazan-3- 

ylamine 


3-(4-Methyl- 
piperazin-1-yl)- 
propylamine (Short, 
J. H., et al, J. 
Med.Chem., 1963; 
6, 275-283) 


MS(ES+) m/e 400 [M+H]* 


21^ 


^ ^ V «/|.7.((S).2- 
, ; J :r*uifi-1 -ylmethyl- 
pyrrolidin-1 -yimethyl)- 
1 H-imidazo[4,5-c] 
pyridln-2-yl]-furazan-3- 
ylamine 


1-(S)-l-Pyrrolidin-2- 
ylmethyl-piperidine 
(Asami, M., BulL 
Chem. Soc. Jpn., 
1990, 63(3), 721- 
7) 


MS(ES+)m/e411 [M+Hf 


215 


4-[7-((3R,5S)-3,5- 
Dimethylpiperazin-1 - 
ylmethyl)-1-ethyl-1H- 
imidazo[4,5-c]pyridin-2- 
yl)furazan-3-ylamine 


cis-2,6- 

Dimethylpiperazine 


MS(ES+) m/e 357 [M+H]* 


216 


4-[1-Ethyl-7-(4- 
pyrrolidin-1-ylpiperidin- 


4-(1- 

Pyrrolidinyl)plperldl 


MS(ES+) m/e 397 [M+H]* 
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1-ylmethyl)-1H- 

imlda2o[4,5-c]pyriclin-2- 

yl)furazan-3-ylamine 


ne 




217 


1.{4-[2-(4-Amino- 
f ura2an-3-yl)-1 -ethyl-1 
H-imidazo[4,5-c]pyridin- 
7-ylmethyl]-piperazin-1 - 
yl}-ethanone 


1 -acetylpiperazine 


MS(ES+) m/e 371 [M+Hf 


218 


4-[7-((R)-3- 
Dimethylamlno- 
pyrrolldin-1 -ylmethyl)-1 - 
ethyl-1 H-imidazo[4,5- 
c]pyridin-2-yri-furazan-3- 
ylamine 


Dimethyl-(R)- 

pyrrolidin-3-yl- 

amine 


MS(ES+) m/e 357 [M+H]* 


219 


[2-(4-Amino-furazan-3- 
yl)-1 -ethyl-1 H- 
imidazo[4,5-c]pyrldin-7- 
ylmethyl]-(1 -isopropyl- 
piperidin-4-yl)-amine 


1-lsopropyl-4- 
amino-piperidine 


MS(ES+) m/e 385 [M+wr i 


220 


{(S)-1-[2-(4-Amino- 
f urazan-3-yl)-1 -ethyl- 
1 H-imidazo[4,5- 
c]pyridin-7-ylmethyl]- 
pyrrolidin-2-yl}-methanol 


(S)-1-Pyrrolidin-2- 
yl-methanol 


MS(ES+) m/e 344 [M+H]* 


221 


3-{[2-(4-Amino-furazan- 
3-yl)-1-ethyl-1H- 


3-Amlno-propan-1 - 
ol 


MS(ES+) m/e 318 [M+H]* 
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imidazo[4,5-c]pyndin"7- 
ylmethyl]-amino}- 

propan-1-ol 







The following examples were prepared from the product of Example 191 Step 1 using 
the method described in Example 200 followed by the method described in Example 191 
Step 3. 





Example 


Amlne 


Characterisation 


222 


4-[1 -EthyI-7-(pyrrolidin- 


3-Amino- 


MS(ES+) m/e 329 [M+H]* 




3-ylaminomethyl)-1 H- 


pyrrolidine-1- 






imlda2o[4,5-c]pyridin-2- 


carboxylic acid tertr 






yl]-furazan-3-ylamine 


butyl ester 








(Falgueyret, J. P, et 








al, J. Med.Chem., 








2001; 44. 1.94- 








104) 




223 


4-(1-Ethyl-7-{[((S)-1- 


(S)-2-Aminomethyl- 


MS(ES+) m/e 343 [M+Hf 




pynrolidin-2-ylmethyl)- 


pyrrolidlne-1- 






amlno]-methyl}-1 H- 


carboxylic acid tert- 






imidazoI4,5-c]pyridin-2- 


butyl ester (Slaitas. 






yl)-furazan-3-ylamine 


A. ef a/, 








Nucleosides 








Nucleotides, 2001 ; 








20.4-7, 1377-1380) 




224 


4-(7-{[(4-Aminomethyl- 


(4-Aminomethyl- 


MS(ES+) m/e 385 [M+H]* 




cyclohexylmethyO- 


cyclohexylmethyl)- 
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amino]-nnethyl}-1 -ethyl- 
1 H- imidazo[4,5-c] 
pyridin-2-yl)-furazan-3- 
ylamine 


carbamic acid tert- 
butyl ester (Lum, R. 
T., WO 9532945) 




225 


4-{1-Ethyl-7-[(2- 

piperazin-1-yl- 

ethylamino)-methyl]- 

1H-imidazo[4,5-cl 

pyridin-2-yl}-furazan-3- 

ylamlne 


4-(2-Amino-ethyl)- 
piperazine-1- 
carboxylic acid tert- 
butyl ester 
(Krapcho, A. et al, 
J. Med.Chem., 
1998; 41,27, 5429- 
5444) 


MS(ES+) m/e 372 [M+H]* 


226 


4.[7-((R).3. 
Aminopyrrolidin-1 - 
ylmethyl)-1-ethyl-1H- 
imIdazo[4,5-c]pyridin-2- 
yl)furazan-3-ylamine 


(3R)-(+)-(3-fe/t- 

> v^nylami 


MS(ES+) m/e 329 [M+Hf 


227 


4-[7-((S)-3- 
Ammopyrrolidln-1 - 
ylmethyl)-1-ethyl-1H- 
imidazo[4,5-c]pyridin-2- 
yl)furazan-3-ylamine 


(3S)-(-)-(3-fert- 

butoxycarbonyiami 

no)pyrrolidlne 


MS(ES+) m/e 329 [M+Hf 


228 


4-(1-Ethyl-7- 
{[(pynroIidin-2- 
ylmethyl)amino]methyl} 
-1/y-imidazo[4,5- 


2-(Aminomethyl)-1 - 
N-fe/f- 

butoxycarbonylpyrr 
olidine 


MS(ES+) m/e 343 [M+HJ* 
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clpyridin-2-yl)furazan- 
3-ylamine 






229 


[2-(4-Aminofurazan-3- 
yl)-1-ethyl-1H- 
imida2o[4,5-c] Jpyridin- 
7- 

ylmethyllmethylpiperidi 
n-4-yl-amine 


Uert" 

Butoxycarbonyl-4- 

methylaminopiperid 

ine 


MS(ES+) m/e 357 [M+H]* 


230 


{1 -[2-(4-Aminofurazan- 
3-yl)-1-ethyH H- 
imida2o[4,5-c] pyridin- 
7-ylmethyl]pjperidin-4- 
yl}methylamine 


4-[N-(feif- 
butoxycarbonyl)- 
methylamino]piperi 
dine (Russell et al, 
J. Med.Chenn. 
1999; 42;24. 4981- 
5001) 


MS(ES+) m/e 357 [M+H]* 


231 


4-(7-[1,4]Diazepan-1- 
ylmethyH-ethyl-1 H- 
imidazo[4,5-c]pyridin-2- 
yl)-furazan-3-ylamine 


fert- butyl 1- 

homopiperazlne 

carboxylate 


MS(ES+) m/e 343 [M+H]* 


232 


4-(1-Ethyl-7- 
{[(piperidin-4-ylmethyl)- 
amlno]-methyl}-1 H- 
lmida2o[4,5-c]pyridin-2- 
yl)fura2an-3-yl amine 


4-(aminometliyl)-1 - 
boc-piperidlne 


MS(ES+) m/e 357 [M+H]* 


233 


N-[2-(4-aminofura2an- 
3-yl)-1-ethyMH- 


<rans-(4-Amino- 
cyclohexyi)- 


MS(ES+) m/e 357 [M+H]" 



120 



wo 03/080610 



PCT/GB03/0120S 





imidazo[4,5-c]pyridin-7- 
methyl]-frans- 
cyclohexane-1 ,4- 
diamine 


carbamic acid tert- 
butyl ester 
{Bioorganic & 
Medicinal 

Cliemistry (2000). 
8(6), 1451) 




234 


{1 -[2-(4-Amino-furazan- 
3-yl)-1-ethyl-1H- 
imidazo[4,5-c] pyridin- 
7-ylmethyl]-piperidin-4- 
yl}-methyl-amlne 


W-Methyl-piperidin- 
4-yl-carbamic acid 
tert-butyl ester 


MS(ES+) m/e 357 [M+H]* 


235 


4-{1-Ethyl-7^[(2- 

piperazIn-1-yl- 

ethylamino)-methyl]- 

1H-imidazo[4,5- 

clpyridin-2-yl}-furazan- 

3-ylamine 


4-(2-Aminoethyl)- 
piperazine-1- 
carboxylic acid tert- 
butyl ester 
(Krapcho et al, J. 
Med.Chem., 1998; 
41; 27, 5429-5444) 


MS{ES+) m/e 372 [M+H]* 



Example 236: {1-[2-{4-Amino-furazan-3-yl)-1-ethyl-1H~imidazoI4,5-c] pyridin-7- 
ylmethyl]-plperidin-4-yl}-cyclopropyl-amine 
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Step 1: 4-[7-(1,4-DIoxa-8-aza-splro[4.5]dec-8-yImethyl)-1-ethyl-1H- Imldazo[4,5- 
c]pyridin-2-yl]-furazan-3-ylamine 

The title compound was prepared from the product of Example 191, Step1 and 4-piperidone- 
ethylene-ketal using the method of Example 200. MS(ES+) m/e 386 [M+H]*. 



Step 2: 1 -[2-(4-Amino-f urazan-3-yl)-1 -ethyUi H-lmidazo[4,5-c]pyrldin-7-ylmethyl]- 
piperidin-4-one 

The product from Step 1 (0.245g, 0.64mmole) In 1,4-dioxane (20ml) and aqueous 
hydrochloric acid (5M. 10ml) was heated under reflux for 18 hours. The mixture was allowed 
10 to cool to ambient temperature, neutralised by addition of aqueous sodium hydroxide 
solution (5M) and extracted into dichloromethane. 

The combined organic extracts were dried under magnesium sulfate and 
concentrated in vacuo. The residue was purified by column chromatography on silica gel 
eluting with ethyl acetate to afford the title compound (0.054g); MP>(r * 'v 7 ' i [M+Hf. 

15- . 

Step 3: {1 -[2-(4-Amlno-f urazan-3-yl)-1 -ethyi-1 H-imldazo[4,5-c] pyridin-7-ylmethyl]- 
plperfdm-4-yl}-cyclopropyl-amIne 

The title compound was prepared from the product of Step 2 and cyclopropylamine using the 
method of Example 200. MS(ES+) m/e 383 [M+H]*. 

20 

Example 237. [2-{4-Amlno-f ura2an-3-yl)-1 -ethyl-1 -H-im!dazo I4,5-c]pyrldln-7-yImethyl]- 
(8-methyl-8-aza-bicyclo[3.2.1 ]oct-3-yl)-amine dihydrochloride 



The product of Example 191 Step 1 (150mg, 0.58mmole) in 5% acetic acid and 

25 dichloromethane (5ml) was treated with 8-Methyl-8-aza-bicyclo[3.2.1loct-3-ylamlne (179mg, 
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1.2mmole) and stirred at ambient temperature for 20 minutes. Sodium borohydride (13mg, 
0.34mmol) was added and the reaction mixture stinred at ambient temperature for 20 liours. 
The product was diluted with dlchloromethane. washed water followed by saturated brine, 
dried over sodium sulphate and concentrated in vacuo. The residue was purified by column 
5 chromatography on silica gel eluting with 20% ammonia in methanol / dichloromethane. to 
afford the title compound as a free base; (34mg. 15%) MS(ES+) m/e 396 [M+Hr. A solution 
of the resulting free base (34mg, O.OSmmol) in anhydrous methanol (1ml) was treated with 
1 M hydrochloric acid in ether and stinred for 30 minutes. The resulting white precipitate was 
filtered and dried in vacuo to afford the title compound as a colourless hydrochloride salt; 
10 (34mg, 92%) MS (ES+) m/e 396 [M+H]+. 

Example 238: 4-{1-Ethyl-7-[{3-piperazin-1-yl-propyIamino)-methyl]-1H- imidazo[4,5* 
c]pyridin-2-yl}-furazan-3-ylamine 



1 5 step 1 : (3-Oxo-propyl)-carbamic acid tert-butyl ester 

A solution of oxalyl chloride (0.27ml, 3.15mmole) in dry dichloromethane (8ml) was cooled to 
-78**C. Dimethyl sulfoxide (0.45ml, 6.29mmole) in dichloromethane (1ml) was added 
dropwise maintaining the reaction temperature at -40**C. The reaction mixture was stinred 
for 5 minutes and a solution of (3-hydroxy-propyl)-carbamic acid fert-butyl ester (0.50g, 
20 2.86mmole) in dichloromethane (3ml) was added dropwise. After stim'ng for 15 minutes, 
triethylamine (1.99ml, 14.3 mmole) was added and the mixture allowed to warm to ambient 
temperature. The reaction was quenched by adding water (10ml), extracted with 
dichloromethane and the organic extracts were washed with aqueous hydrochloric acid 
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solution (2M), saturated sodium bicarbonate solution and water. The organic layer was dried 
under magnesium sulfate and the solvent removed in vacuo to afford the title compound 
(0.45g). NMR (CDCI3) 8 9.81 (1H, s). 3.45-3.40 (2H, t, J 5Hz). 2.72-2.69 (2H. t. J 5Hz). 
1.43 (9H, s). 

5 

Step 2: 4-(3-teff-Butoxycarbonylamino-propyl)-piperazine-1-carboxylic acid 9 H- 
fluoren-8-ylmethyl ester 

Piperazine-1-carboxylic acid 9 H-fluoren-9-ylmethyi ester hydrochloride (0.67g, 1.93mmole) 
was dissolved in methanol (5ml), treated with diisopropylamine (0.34ml, 1.93mmole) and 

10 allowed to stir at room temperature for 5 minutes. The product from Step 1 (O.SOg, 
2.89mmole) and sodium cyanoborohydride (133mg, 2.12mmole) were added and the 
mixture stirred under argon for 18 hours. The solvent was removed in vacuo and the residue 
was dissolved in dichloromethane, washed with saturated sodium bicarbonate solution, dried 
over rinagn''.^ !i • • ^nd concentrated in vacuo. The residue was purified by column 

15 chromato&ic V , . • . .;^with ethyl acetate/hexane (1 :1) to afford the title compound (0.71g). 

NMR (CDCI3) 5 7.78-7.75 (2H. d). 7.59-7.56 (2H, d). 7.41-7.31 (4H, m), 4.52-4.43 (2H, d), 
4.27-4.20 (1H, t), 3.51-3.42 (4H. br m), 3.25-3.15 (2H, m), 2.45-2.35 (6H. m), 1.72-1.60 (2H. 
m), 1.45 (9H, s). 



20 step 3: 4-(3-Amlno-propyl)-piperazine-1 -carboxyiic acid 9 f/-fluoren-9^lmethyl ester 

The title compound was obtained from the product of step 2 by the general method of 
Example 21. NMR (CDCI3) 8 7.78-7.75 (2H, d), 7.60-7.55 (2H, d), 7.40-7.31 (4H, m). 
4.48-4.44 (2H, d). 4.26-4.20 (1H, t), 3.50-3.41 (4H, br m), 3.01-2.94 (2H. m), 2.58-2.50 (2H, 
m), 2.45-2.40 (4H, br m), 1.80-1.75 (2H. m). 

25 

Step 4: 4-(3-{[2-(4-Amino-furazan-3-yi)-1-ethyl-1 /f-lmidazo[4,5-c]pyridin-7--ylmethyt]- 

amino}-propyi)-piperazine-1 -carboxyiic acid 9 H-fluoren-9-ylmethyl ester 
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The tttle compound was prepared from the product of Example 191 Step 1 and the product 
from Step 3 using the method of Example 200. MS(ES+) m/e 608 [M+H]*. 



Step 5: 4-{1-Ethyl-7-[(3-pIperazin-1-yIi>ropylamlno)-methyl]-1H- lmldazo[4,5-c]pyrldin 
5 2-yl}-fiJrazan-3-ylamine 

The product from step 4 (0.1 7g, 0.28mmole) was dissolved In dichloromethane (3ml) and 
treated with piperidine (0.3ml, 2.8mmole). The mixture was stin-ed at room temperature 
under argon for 4 hours. The solvent was renroved In vacuo and the residue purified by 
column chromatography on silica gel eluting with ammonia/methanol/dichloromethane 
1 0 (1 :9:90) to afford the title compound (0.063g). MS(ES+) m/e 386 [M+HJ*. 

Example 239: 4-[1 .Ethyl-7-((R)-2-morpholln-4-ylmethyl-pyrroHdin-1-ylmethyI)-1 H- 
imldazo[4,5-c]pyridin-2-yl]-furazan-3-ylamine 



1 5 Step 1 : (R)-2-Morpholln-4-ylmethyl-pyrrolldine-1 -carboxyiic acid tert-butyl ester 

The title compound was prepared from N-(t-butoxycarbonyl)D-prollnal and morphollne 
according to the general method of Example 200; MS (ES+), m/e 271 [M+H]*. 

Step 2: 4-{R)-1-Pyrrolldin-2-ylmethyl-morphollne 

20 The title compound was prepared from the product of step 1 accoring to the general method 
of Example 191 Step 3; MS (ES+), m/e 171 [M+H]*. 
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Step 3: 4-[1 -Ethyl-7-((R)-2-morpholin-4-ylmethyl-pyiTOlidin-1 -ylmethyl)-1 H-imidazo[4,5- 
c]pyridin-2-yl]-furazan-3-ylamine 

The title compound was prepared from the product of Step 2 and the product of Example 
191 Step 1 using the procedures detailed in example 200; MS (ES+), m/e 413 [M+H]*. 

Example 240: 4-[1 -Ethyl-7-((R)-2-piperidin-1 -ylmethyl-pyrrolidln-l -ylmethyi)-1 H- 
lmidazo[4,5-c]pyridin-2-yl]-furazan-3-ylamine 




Step 1 : (R)-2-Piperidin-1-ylmethyl-pyrrolidine-1-carboxyllc acid tert-butvl ester 

10 The title compound was prepared from N-(t-butoxycarbonyl)D-proIine..' , . . 'M using 
the procedure detailed in example 200; MS (ES+), m/e 269 [M+H]*. 



Step 2: 1-(R)-1-Pyrrolidin-2-yImethyl-piperidlne 
15 The title compound was prepared from the product of step 1 using the procedure detailed in 
Example 191 step 3; NMR (CDCI3) 3.24 (1H, m). 2.96 (1H, m). 2.82 (1H. m), 2.45 (2H, 
m). 2.33-2.24 (4H. m). 1.95 (2H, br s). 1.85 (1H. m), 1.73 (2H. m), 1.57 (3H, m). 1.41 (2H, 
m), 1.31 (IH.m). 

20 Step 3: 4-[1 -Ethyl-7-((R)-2-plperidin-1 -ylmethyi-pyrrolidin-1 -yimethyO-l H-imidazo[4,5- 
c]pyridIn-2-yl]-furazan-3-ylamine 

The title compound was prepared from the product of Step 2 and the product of Example 

191 Step 1 , using the general procedure of Example 200; MS (ES+), m/e 41 1 [M+H]*. 
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Example 241: 4-[1-Ethyl-7-((R)-2-pIperazin-1-ylmethyl-cyclopentylmethyl)-1 H - 
imidazo[4,5-c]pyridin-2-yl]-furazan-3-ylamine 




5 Step 1 : 4-(R)-1-Pyrrolidin-2-ylmethyl-plperazlne-1-carboxyIic acid 9 H-fluoren-9- 
yimethyl ester trifluoroacetate 

To a solution of piperazine carboxylic acid 9-fluorenylmethyl ester liydrochlorlde (690mg, 
2mmol), in dichlorometliane was added diisopropyletfiylamlne (258mg, 2mniol) followed by 
N(t-butoxycarbonyl)D-prolinal (400mg, 2mmol) and the resulting solution was stirred for 10 

10 minutes, and treated witli sodium triacetc • - 'I {850mg, 4mmol) and stirred for 4 
hours at room temperature. The reaction w;; ^ with water and extracted with 
dichloromethane at pH 7. The combined organic phase was dried over anhydrous sodium 
sulfate. The dichloromethane solution was then treated with trifluoroacetic add (5ml) and 
stirred for 16 hours at room temperature. The solvent was evaporated in vacuo to afford the 

1 5 title compound; MS (ES+), m/e 392 [M+H]*. 

Step 2: 4-[1-Ethyl-7-((R)-2-piperazin-1-ylmethyl-cyclopentylmethyl)-1 H -imidazo[4,5- 
c]pyridln-2-yl]-furazan-3-ylamine 

The product of example 191 step 1 (100mg, 0,387mmol) was dissolved in 1 ,2-dichloroethane 
20 (2.5ml) and added to a stirred solution of the product of Step 1 (480mg, 0.774mmol) and 

diisopropyl ethylamine (lOOmg, 0.774mmol) in 1,2-dichloroethane (2.5ml). After stirring for 5 
minutes the reaction was treated with sodium triacetoxyborohydride (164mg, 0.774mmol) 
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and the reaction was stirred for 16 hours at room temperature. The reaction was then treated 
with piperldine (5ml) and stirred for 5 hours at room temperature. The solvent was then 
evaporated in vacuo and the residue diluted with dichloromethane, washed vwth saturated 
sodium bicarbonate solution, water, brine, dried over anhydrous sodium sulfate and 
5 evaporated iv vacuo. The residue was purified by automated reverse phase chromatography 
(Biotage flex, acetonitiileywater eluant) to afford the titie compound (30mg, 19%); MS (ES+), 
m/e412[M+Hr. 

The following compounds were prepared by the general method of Example 200 using 
10 starting materials indicated. 





Example 


Aldehyde 
from 

Example # 


A 9 

Amine 


unaracierisation 


242 


4-[i-ctnyr-.. 
phenvlc^.v. . . . : ' . . 
phenyl)-1 H-imidazo[4,5- 
c]pyridin-2-yr|-furazan-3- 
ylamine 


191 




MS ^ES-i-^ m/e 412 

IVIW \JLmK^*f II WW ^ 

[M+Hr 


243 


4-[1 -Ethy)-7-(4-fluoro-3- 
pyrrolidin-1 -ylmethyl- 
phenyl)-1 H-imida2o[4,5- 
c]pyridin-2-yl]-furazan-3- 
ylamine 


113 


Pyrrolidine 


MS (ES+) m/e 408 
[M+H]* 


244 


4-[1 -Ethyl^7-(3-fluoro-4- 
pyrTolidin-1 -yimethyl- 
phenyl)-1 H-lmidazo[4,5- 


119 


Pyrrolidine 


MS (ES+) m/e 408 [M+Hl* 
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c]pyndin-2-yl]-ftirazan-3- 
ylamine 








245 


4-[1-Ethyl-7-(4- 
ethylaminomethyl-3- 
fluoro-phenyl)-1 H 
imidazo[4,5-c lpyridin-2- 
yl]-furazan-3-ylamine 


119 


Ethylamine 


MS (ES+) m/e 382 [M+H]* 



Example 246: (2-Furazan-3-yI-3-(2-methoxy-phenyL-3-H-pyroIo(2,3-c)pyridin-4- 
ylmethyl)-piperIdin-4-yl-amine. 




Step 1. (2-Bromo-6-nltro-pyridyl)-(2-methoxy-phenyl)-amlne 

The title compound was prepared from the product of Example 177, Step 2 and 1-ammo-2- 
metho)Q^benzene by the general method of Example 25 Step 1. MS (ES+) m/e 324 [M+H]*. 



Step 2. 5*Bromo-Af^-(2-methoxy-phenyl)-pyridine-3,4-diamine 

A solution of the product of Step 1 (1 g, 3.08mmol) in ethanol (1 1 ml) / water (2.5ml) / 
concHCI (1ml) was stirred at 0°C and Iron filings (1g, 18.5mmol) were added protlonwise. 
The mixture was warmed to room temperature and stirred for 18 hours. The mixture was 
poured onto ice water (100ml) and basified using 1M sodium carbonate solution. The 
resulting mixture was filtered through kieselgel and the pad was washed copiously with 
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ethanol. The organic phase was removed in vacuo to leave an orange emulsion, this was 
extracted into ethyl acetate, washed with 

water (x3), dried using magnesium sulphate and evaporated in vacuo. Purification of the 
residue by silica gel chromatography eluting with 2% methanol in dicholomethane afforded 
5 the title compound (SOOmg, 45%). MS (ES+) m/e 293 [M+H]*. 

Step 3. 4-(7-bromo-1-(2-niethoxy-phenyl)-1 H-imidazo(4,5-c)pyridln-2-yl)-fura2an-3- 
ylamlne 

The title compound was obtained from the product of Step 2 by the geenral method of 
10 Example 1 Steps 3 and 4; MS (ES+) m/e 387 [M+H]*, 

Step 4. 2-(4-Amlno-furazan-3-yl)-1-(2-methoxy-phenyl)-1 H-innldazo(4>c) pyridine-?- 
carbaldehyde. 

The title compound was prepared from the product of Step 3 by the r ,. » v . . i -^d of 
15 Example 191 Step 1; MS (ES+) m/e 337 [M+Hf. 

Step 5. 4-((2-(4-Amlno-furazan-3-yl)-3-{2methoxy-phenyl)-3 //-pyiTolo(2,3-c) pyrldin-4- 
ylmethyl}-amino)-piperidlne-1-carboxylic acid terf butyl ester 

The title compound was obtained from the product of Step and 4-aminopiperidine-1- 
20 carboxylic acid tert butyl ester by the general method of Example 200; MS (ES+) m/e 520 

Step 6. (2-Furazan-3-yl-3-(2-methoxy-plienyl-3-H-pyrrolo(2,3-c)pyrldin-4-yImethyl)- 
piperidln-4-yi-amlne 

25 The product of step 5 was treated according to the general method of Example 191 Step 3. 
A solution of the resulting free base (12mg, 0.03mmol) in anhydrous methanol (O.Sml) was 
treated with 1M hyrdrochloric acid in ether and stirred for 30 minutes. The resulting white 
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precipitate was filtered and dried in vacuo to afford tlie title compound as a colourless solid 
(12mg. 63%); MS (ES+) nn/e 420 IM+H1+. 



Example 247: (3-Cyclopropyl-2-furazan-3-yl-3 //-pyrrolo(2,3-c) pyridfn-4-ylmethyI)- 
piperidin-4-yl»amine dihydrochloride 




The title compound was prepared from the product of Example 177 Step 3 using the 
methods of Example 246 Steps 2-6; MS (AP+) m/e 354 [M+Hf. 



The following example was prepared by the general method described In Example 

247. 





Example 


: i*. • . .;;VV. 


Characterisation 


248 


4-(1 -Cyc!opropyl-7-piperazin-1 - 
ylmethyH H-imidazo[4,5- 
c]pyridin-2-yl)-furazan-3-ylamine 


piperazine-1- 
carboxylic acid 
fe/f-butyl ester 


MS(AP+) m/e 340 
[M+H]* 



Example 249: [2-(4-Amlno-f urazan-3-yl)-1 -methyl-1 H-lmldazo[4,5-c]pyridin-7-ylmethyl]- 
piperldin-4-yl-amine 
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Step 1: iV-(2-Bromo-6-nitro-pyridyl)-methylaiiiine 

The title compound was prepared from 3-bromo-4-chloro-5-nitropyridine and methylamine 
by the general method of Example 246 Step 1 . MS (ES+) m/e 329 [M+H]*. 

Step 2: [2-(4-AmIno-furazan-3-yl)-1-methyl-1H-lmidazo[4,5-clpyriclin-7-ylmethyll- 
plperfdin-4-yl-amine 

The title compound was prepared from the product of Step 1 using the methods of Example 
246 Steps 2-6; MS (ES+) m/e 328 [M+H]* . 

Example 250 i'ijno-furazan-3-yl)-1-ethyl-1H-imidaz6[4,5-clpyridin-7-yll-1- 
piperazin-1-yl-methanone dihydrochloride 




1 5 Step 1 . 2-(4-Amlno-f urazan-3-yl)-1 -ethyl-1 H-lmidazo[4,5-clpyridine-7-carboxylic acid 
A solution of the product from Example 100 (5g, 18.25mmol) in tetrahydrofuran (200ml) at - 
78°C was treated with a 2M solution lithium dllsopropylamide (LDA, 18ml, 36.5mmol) in 
hexanes under argon. After 5 minutes the solution was treated with a 1.6M solution of n- 
butyl lithium (34ml. 54.7mmol) in hexanes at -78 °C. The mixture was stirred for lOmins, then 

20 carbon dioxide gas was bubbled through the solution for lOmlns. The resulting pale yellow 
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suspension was allowed to warm to room temperature over 2h, water (10ml) In 
tetrahydrofuran (30ml) was cautiously added dropwise and the mixture concentrated in 
vacuo. The residual solid was washed vwth ether (2x1 00ml) then dissolved In methanol 
(100ml) containing gladal acetic add. The solvent was evaporated and the residue triturated 
5 under ether (50ml) and filtered to give the title compound as a buff coloured solid (3.28, 
74%); MS (ES+) m/e 275 [iVI+H]*. 

Step 2. 4-{1-[2-(4-Amlno-furazan-3-ul)-1-ethyl-1H-lmldazo [4,5-c]pyridIn-7-yl]- 

methanoyl}-piperazine-1-carboxyllc acid, feft-butyl ester. 
10 1,1'-Carbonyldiimda20le (177mg) was added to a solution of the product from Step 1 (O.lg, 

0.36mmol) in dry DMF (5ml) at room temperature under ai^on. The mixture was stinred for 

18h, then tert-butyl -1-piperazine carboxylate added. The mixture was stirred at room 

temperature for 16h, then partitioned between water (15mi) and ethyl acetate (3x1 5ml). The 
' .--'ned organic extracts were washed with brine (2x20ml), dried over anhydrous sodium 
: V ,y.':^ie, filtered and evaporated. The residue was purified by silica gel chromatography 

eluting with dichloromethane / ethanol / ammonia 300:8:1, to afford the title compound, 

(0.064g, 40%); MS (ES+) m/e 443 [M+HJ*. 

Step3 . 1-[2-(4-Amino-furazan-3-yl)-1-ethyl-1H-imldazo[4,5-c]pyrldin-7-yl]-1-piperazin-1- 
20 yl-methanone. dihydrochloride 

Ethereal hydrogen chloride (1.0M; 1ml) was added to a solution of the product from Step 2 
(0.064g, 0.15mmol) in methanol (1ml) at room temperature under argon. The mixture was 
stirred for 16h, the solvent was evaporated and the residue triturated under ether to give the 
title compound as a colouriess solid (0.047, 79%); MS (ES+) m/e 343 [M+H]*. 

25 

Example 251. I2-(4-{1-[2-(4-Amlno-furazan-3-yl)-1-ethyl-1 W-lmidazo[4,5-c]pyridln-7-yl]- 
methanoyl}-piperizin-1-yl)-ethyl]-«arbamic acid tert-butyl ester. 
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A mixture of the free base from Example 250, Step 3 (prepared by eluting a sample of the 
dihydrochloride salt through an SCX cartridge using ammonia (10%) in ethanol) and tert- 
butyl N-(2-oxoethyl)carbamate (0.065g. 0.41 mmol) in 1,2-dichloroethane (5ml) was stirred at 
5 room temperature for 20 mins. This was then treated according to the method of Example 
200 to afford the title compound; MS (ES+) m/e 486 [M+H^. 

Example 252. [1 -[4-(2Amlno-ethyl)-piperizin-1 -yl)-1 -[2-(4-amlno-furazan-3-yl)-1 -^thyl-l 
HHmidazo[4,5-c]pyridin-7-yl]-methanone. Dihydrochloride 



Ethereal hydrogen chloride (1.0M; 1ml) was added to a solution of the product from example 
251 (0.042g, 0.086mmol) in methanol (2ml) and the solution stirred at room temperature for 
15 16h. The solvent was evaporated and the residual solid triturated under ether (10ml) and 
filtered to give the title compound as a colourless solid (0.039g, 99%); MS (ES+) m/e 386 
[M+H]*. 

Example 253. 1-(4-{1-[2-(4-Amino-furazan*-3-yl)-1-ethyM // -imidazo [4,5- c] pyridin-7- 
20 yl]-methanoyl}-plperazin-1-yl)-2-methylamino-ethanone 



10 
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Step 1. [2-(4-{1-(2-(4-Amino-furazan-3-yl)-1-ethyl-1 H -imidazo [4,5-c]pyridn-7-yl]- 
methanoyO-piperazinrl-yO-Z-oxo-ethylJ-methyl-carbamlc acid tert-butyl ester 

5 N-(yclohexylcarbodiimide, N-methyl polystyrene HL (1.69mmol/g; 515mg, 0.88mmol) in 
dichloromethane ( 2ml ) was treated with Boc-Sarcoslne (83mg, 0.44mmol), followed by 
HOBT (59mg, 0.44mmol). The mixture was stirred for 10 minutes, then treated with the title 
compound from Example 250 ( 75mg, 0.22mmol) in triethylamine (92ul, 0.66mmol) and 
dichloromethane (1ml ). The reaction mixture was ft;- . i r r 2 hours, then passed down an . 
10 sex cartridge eluting methanol the 10% amr-srirj t/.HV ^rf . ) ".? afford the title compound , 
(105mg. 70%) MS (ES+) m/e 513 [M+H]+. 

Step 2. 1-(4-{1-[2-(4-Amlno-furazan-3-yl)-1-ethyl-1 H -imidazo [4,5- c] pyridin-7-yl]- 
methanoyl}-piperazin-1-yl)-2-methylamino-ethanone 

15 

The product of step 1 ( lOSmg, 0.2mmol) was dissolved in DCM (2ml) and hydrochloric add 
in ether (1M, 10 equiv.) was added. The mixture was stinred for 16 hours and the resulting 
white precipitate was filtered and dried in vacuo to afford the title compound as a colourless 
solid (44mg, 62%); MS (ES+) m/e 413 [M+H1+. 
20 The following examples were prepared fi-om the product of Example 250. Using the 

two-step method described in Example 253 Steps 1 and 2. 
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Example 


Acid 


Characterisation 


254 






Boc- Glycine 


MS(ES+) m/e 399 
IM+H]* 


255 


NHj 


Boc-Beta-L-alanine 


MS(ES+) m/e 413 
FM+Hl* 


256 




yy~h 

T ,\ 


Boc-L-alanine 

! 

i _ 


MS(ES+) m/e 413 

r» a • l_n+ 

[M+nJ 


257 






Boc-D-alanine 


MS(ES+) m/e 413 
l^ivi~nj 
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258 




Boc-L-proline 



MS(ES+) m/e 439 
[M+H]* 



The following examples were prepared from the product of Example 250 Step 1 using 
the two-step method described in example 250 Steps 2 and 3 





Example 


Amine 


Characterisation 


259 


2-(4-Amino-fuf azan-3-yl)-1 - 
ethyl-1 H-!mldazo[4,5- 
c]pyridine-7-carboxylic acid 
'•;4a.:;?idln-4-yl methyl)-amide 
* ■ ^ chloride 


4-Aminomethyl 
piperidin-1 -carboxylic 
acid fert-butyl ester 


MS{ES+) m/e 371 
[M+Hr 


260 


(V/-) 2-(4-Amino-furazan-3-yl)- 
1.ethyl-1H-imidazo[4,5- 
c]pyrldine-7-cari30xylic acid 
(piperidin-3-ylamide 
dihydrochloride 


(+/-)-3-Amino 
piperidine-1- 
carboxyllc acid tert- 
butyl ester 


MS(ES+) m/e 357 
[M+H]* 


261 


2-(4-Amlno-furazan-3-yl)-1 - 
ethyM H-imidazo[4,5- 
clpyridine-7-carboxyHc acid 
piperidln-4-y(amide 
dihydrochloride 


4-Amino-piperidine-1- 
carboxylic acid fert- 
butyl ester 


MS(ES+) m/e 357 
[M+H]* 


262 


2-(4-Amino-furazan-3-yl)-1 - 


(3-Amino-propyl)- 


MS(ES+) m/e 345 
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ethyl-1 H-imidazo[4,5- 
clpyndine-7-carboxyIic acid (3- 
methylamino-propyl)- amide 
dihydrochloride 


methyl-carbamic acid 
re/T-Dutyl ester 


[M+H]* 


263 


2-(4-Amino-furazan-3-yl)-1 - 
ethyl-1 H-imidazo[4,5- 
c]pyridine-7-carboxylic acid (4- 
amino-butyl)- amide 
dihydrochloride 


(4-Amino-butyl)- 
carbamic acid tert 
butyl ester 


MS(ES+) m/e 345 
[M+HJ* 


264 


2-(4-Amino-furazan-3-yl)-1 - 
ethyH W-imldazo[4,5- 
c]pyridine-7-carboxylic acid (6- 
amino-hexyl)- amide 
dihydrochloride 


(6-Amino-hexyl)- 
carbamic acid tert 
butyl ester 


MS(ES+) m/e 373 
[M+H]* 

j 


265 


(+/-)-2-(4-Amino-furazan-3-yl)- 
1 -ethyM H-imidazo[4,5- 
c]pyndine-7-carboxylic acid 
(piperidin-2-yl methyl)-amide 
dihydrochloride 


2-Aminomethyl- 
piperidine-1- 
carboxylic acid fe/t- 
butyl ester 


MS(ES+) m/e 471 i 
[M+H]* 


266 


1 -[2-(4-Amino-furazan-3-yl)-1 - 
ethyl-1 H-imidazo[4,5- 
c]pyndine-7-yl]-1 -((R)-3-amino- 
pyrrolidin-1 -yl)-methanone 
dihydrochloride 


(R).Pyrrolidin-3-yl- 
carbamic acid tert- 
butyl ester 


MS(ES-i-) m/e 343 
[M+HJ* 

[alpnajD(27.6)C = -3.34 
(c= 2.75%. DMF) 


267 


1 -[2-(4-Amlno-furazan-3-y[)-1 - 
ethyH W-lmldazo[4,5- 


(S)-Pyrrolidin-3-yl- 
carbamic add tert- 


MS(ES+) m/e 343 
[M+H]* 



138 



wo 03/080610 



PCT/GB03/01205 





c]pyndine-7-yi]-l -((S)-3-amino- 
pyrrolidin-1 -yl)-methanone 
dihydrochloride 


Dutyi ester 


(c= 3.75%, DMF) 


268 


2-(4-Amlno-f urazan-3-yl)-1 - 
ethyl-1H-imldazo[4.5- 
c]pyridine-7-carboxylic acid 
(R)-pyrrolidin-3-ylamide 
dihydrochloride 


(R)-3-Amino- 
pyrrolidine-1- 
carboxylic acid tert* 
butyl ester 


MS(ES+) m/e 343 
[M+H]* 


269 


2-(4-Amlno-furazan-3-yl)-1 - 
ethyl-1 H-lmidazo[4,5- 
c]pyridlne-7-carboxylic acid 
(S)-pyrrolidin-3-ylamide 
dihydrochloride 


(S)-3-Amino- 
pyrrolidine-1- 
carboxylic acid tert- 
butyl ester 


MS(ES+) m/e 343 
[M+HJ* 


270 


2-(4-Amlno-furazan-3-yl)-1 - 
ethyl-1 H-imidazo[4,5- 
cjpynaine-f -caruoxyiic auiu 
(morpholin-2-ylmethyl)-amlde 
dihydrochloride 


2-Aminomethyl- 
morpholine-4- . 

butyl ester 


• ^v-. • m/e 373 



Example 271. 2-(4-Amlno-fura2an-3-yl)-1 -ethyl-1 H-lmldazo[4,5-clpyridlne- 7-carboxyllc 
acid[1 -(2-amino-ethanoyl)-piperldine-4-yl]-amide dihyrochloride 

5 
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Step 1 . {2-(4-Amino-furazan-3-yl)-1 -ethyl-1 H-imidazo[4,5-c]pyridIne-7-yl]-'inethanoyl}- 
amino)-piperidin-1-yl]-2-oxo-ethyl}-carbaniic acid tert-butyl ester 

5 A mixture of N-cyclohexylcarbodiimide, N-methyl polystyrene HL (1 .69mmol/g; 300mg, 
0.507mmol) and tert-butoxycarbonylamino-acetic acid (82mg, 0.466mmol) in dry 
dichloromethane (3ml) was stin-ed for 10 mins at room temperature under argon. 1- 
hydroxybenzotriazofe hydrate (HOBT; 71 mg 0.466mmol) was added and the mixture stirred 
for a further 10 mins. A solution of *he pnDduct from example 261 (O.lg, 0.233mmol) and 
10 triethylamine (0.1ml, 0.507,- ^ .F (3ml) was added and the mixture stirred for 

16h. The mixture was then sf.p?.-^. L $CX ion exchange column, eluted wth methanol 
and then a mixture of methanol/0.880 ammonia (9:1). The basic fractions were then 
evaporated and the residual solid triturated under ether and filtered to afford the title 
compound, (0.067g, 56%); MS (ES+) mfe 514 [M+Hf. 

15 

Step2 - 2-(4-Amino-furazan-3-yi)-1 -ethyl-1 H-imidazo[4,5-c]pyridine-7-carboxylic acid[1- 
(2-amino-ethanoyl)-piperidine-4-yl]-amide dihyrochloride 

Ethereal hydrogen chloride (1.0M; 2ml) was added to a solution of the product from Step 1 
(0.067g, 0.13mmol) In methanol (3ml) at room temperature under argon. The mixture was 
20 stirred for 16h, the solvent was evaporated and the residue triturated under ether to give the 
title compound as a colourless solid (0.058, 79%); MS (ES+) m/e 414 [M+H]*. 
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The following examples were prepared from the product of Example 261 using the 
two-step method described in Example 271 Step 1 





Example 


Acid 


Characterisation 


272 


2-(4-Amino-furazan-3-yl)- 
1 ^thyl-1 H-lmidazo[4.5- 
c]pyridine-7-carboxylic 
acid [1-(3-amino- 
propanoyl)-piperidin-4- 
yl]-amide dihydrochloride 


3-Amino- 
propionic acid 


MS(ES+) m/e 428 [M+Hf 


273 


2-(4-Annino-furazan-3-yl)- 
1-ethyHH-lmidazo[4.5- 
c]pyridine-7-carboxylic 
acid [1-((s)-1-pyrTolidin-2- 
' « r c :fnoyl)-piperidln- 
; -y aiWide 
dihydrochloride 


(S)-Pyrrolidine - 
2-carboxylic add 


MS(ES+) m/e 454 [M+H]* 



5 The following examples were prepared from the product of Example 250 Step 1 using 



the method described in example 250 Step 2 





Example 


Amine 


Characterisation 


274 


1 -[2-(4-Amino-fura2an-3- 
yl).1-ethyHH- 
imidazo[4,5-clpyridin-7- 
yl]-1 -pyrrolidin-1 -yl- 
methanone 


pyrrolidine 


MS(ES+) m/e 328 [M+H]* 
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Example 275. 1-[2-(4-Amlno-furazan-3-yl)-1-othyl-1H-imldazo [4,5-clpyriclln-7-yI]-1-((S) 
2-pyiTolidin-1-ylmethyl-pyrroliclin-1 -yl)-methanone dihydrochloride 




Step 1 1-[2-(4-Amlno-furazan-3-yl)-1-ethyl-1H-imldazo I4,5-c]pyridin-7-yI]-1-!mldazoM- 
5 yl-methanone 

1 ,1'-Carbonyldiimdazole (0.89g) was added to a solution of the product from Example 250 
Step 1 (0.5g, 1.82mmol) in dry DMF (10ml) at room temperature under argon. The mixhjre 
was stirred for 18h resulting In the precipitation of a colourless solid. Ether (10ml) was added 
and the solid filtered to give the title compound, (0.5g, 85%); MS (ES+) m/e 325 [M+H]*. 

10 . ■ . ■ 

Step 2 1-[2-{4-Amlno-furazan-3-yl)-1-ethyi-1H-lmIdazo [4,5-c]pyfldln-7-yl]-1-ilSV*^ - 

pyrrolldin-1 -ylmethyl-pyrrolidin-1 -yl)-methanone 

A mixture of (S)(+)-1-(2-pynroIidlnylmethyl)pynrolidine (0.142g; 0.93mmol) and «ie product 
from Step 1 (O.lg; O.SImmol) In DMF (2ml) was wanmed at60"C for 18h. The cooted 

15 mixture was partitioned between water (10ml) and ethyl acetate (3x1 0ml). The combined 
organic extracts were washed with brine (2x20ml), dried over anhydrous sodium sulphate, 
filtered and evaporated to give a colourless gum. The crude material was purified by 
preparative HPLC using Dynamax C18 column, 8 micron particle size; 250 mm x 41.4 mm 
i.d.; 10-90% acetonitrile / water (0.1 %TFA);70 ml/min; UV detection at 254 nm) to afford the 

20 title compound, (0.055g, 28%); MS (ES+) m/e 41 1 [M+H]*. 
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PCT/GB03/01205 

imidazo[4,5-c]pyridine-7-carboxylic 




The product of Example 275 Step 1 (ISOmg) and (R )-3-amino-1- pyrrolidine-1-carboxylic 
acid ferf-butyl ester (172 mg) were reacted according to the general method of Example 
275, Step 2 followed by the general method discrlbed in example 250 step 3 to give the title 
compound; MS (ES+) m/e 443 [M+H]*. 

The following example was prepared by the general r-- ^ . ; :i- .rcribed in Example . . 

276 





Example 


Amine 


Characterisation 


277 


2'-(4-Amino-furazan-3-yl)-1 -ethyl- 
1H- imidazo[4,5-c]pyridine-7- 
carboxylic acid (R)-pyrrolidin-3-yl 
amide 


(R )-3-amlno-1- 
pyrrolidine-1- 
carboxylic acid 
terf-butyl ester 


MS (ES+) m/e 367 
[M+H]* 



Example 278 2-(4-Amino-furazan-3-yl)-1 -ethyl-1H-imiciazo[4,5-c]pyrlcline-7-carboxylic 
acid (2-piperizin-1-yI-ethyl)-amide dihydrochlorlde 
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Step 1 . 4-I2-({1 -[2-(4-Amlno-furazan-3-yl)-1-ethyM H-imldazo[4,5-clpyrlcllne-7-yl]- 
methanoyl}-amlno)-ethyll-plperizln-1-carboxyllc acid benzyl ester 

The product of Example 250 Step 1 and 4-(2-amino-ethyl)-piperizine-1-carboxylic acid 
benzyl ester were reacted according to tlie general metliod of Example 250. Step 2 to give 
tiie title comound; MS (ES+) m/e 520 [M+H]*. 

Step 2 2-(4-Amlno-furazan-3-yl)-1-ethyi-1H-imidazo[4,5-c]pyridlne-7-carboxylic acid (2- 
piperizln-1 -yl-ethyl)-amide dihydrochloride 

Hydrogen bromide (30% in acetic acid; 0.5ml) was added to a solution of tlie product from 
Step 1 (0.085g. 0.165mmol) in dry dichioromethane (5ml) at room temperature under argon. 
The mixture was stirred for 10 mins. resulting in the precipitation of a colourless solid which 
was filtered off, partitioned between sodium carbonate solution (2N, 5ml) and ethyl acetate 
(2x1 0ml). The combined organic extracts were dried (Na2S04), evaporated, dissolved in 
methanol (2ml) and ethereal HCI < i-! ^ . added. The solvent was then evaporated 
and the residue triturated with v^^v ' v.: .l:i:tered to give the title compound (16mg, 
21%); MS (ES+) m/e 386 [M+H]*. 

Example 279. [4-(7-Bromo-1-ethyl-1A/-lmldazo[4,5-c]pyridln-2-yl)-furazan-3-ylI 
carbamic acid teit-butyi ester 



A solution of the product from Example 1 00 (1 .Og. 3.23mmol) in dichloroethane (5 mL) and 
pyridine (10 mL) was treated with DMAP (0.435g, 3.56mmol) and BocaO (1.06g, 4.85mmol). 
The solution was heated to 70°C and was stirred overnight. The reaction is not complete, so 
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more DMAP (0.1 97g, 1.62mmol) and B0C2O (0.353g, 1.62mmol) were added, and the 
reaction mixture was stirred overnight The reaction mixture was then cooled, and 
concentrated in-vacuo. The black residue was dissolved up in H2O and EtOAc, and the 
product was extracted into the organic layer. The layers were separated, and the organic 
5 layer was dried over Na2S04, filtered, and concentrated to give the pure product as a tan 
solid (1.25g, 95%); MS (ES+) m/e 410 [M+H]*. 

Example 280. 4-[7-((S)-3-Amino-pyrrolldine-1 -sulf onyl)"1 -ethyi-1 H-imidazo[4,5- 
c]pyridln-2-yl]-furazan-3-ylamine 



10 




Step i' 1 .>7-{(S)-3- terf-Butoxycarbonylamlno-pyrrolldlne-1 -sulf onyl)-1 -ethyl-1 H- 

A solution bi the product from Example 279 (0.1 50g, 0.367mmol) in tetrahydrofuran (2ml) at 
ambient temperature was treated with NaH (60%) under Aigon. After 10 minutes, the 

15 mixture was cooled to -78°C, and was treated with n-butyllithium. After 10 minutes, the 
mixture was treated with a SO2 solution (2mL), formed from bubbling SO2 gas into THF 
(2mL). After 10 minutes of stirring, the mixture was treated with SO2CI2, and was allowed to 
warm to ambient temperature. The reaction mixture was then concentrtated, in-vacuo, to 
dryness. The solid was dissolved in dichloromethane (2.5mL) and pyridine (2.5mL) under 

20 Argon, and was treated with the amine (0.085g, 0.46mmol), and was stin^ed at ambient 
temperature overnight. The completed reaction was concentrated down to afford the title 
compound; IVIS (ES+) m/e 580 [M+H]*. 
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Step 2. 4-[7-((S)-3-Ainino-pynrolidine-1 -sulfonyl)-1 -ethyl-1 H-imiciazo[4,5-c]pyridin-2-yl] 
furazan-^-ylamine 

The title compound was prepared by dissolving the product, from Step 1, in a minimal 
amount of MeOH, and adding 1 mL of a 1 M solution of HCI in EtzO. The mixture was stirred 
for 6 hours, then concentrated in-vacuo to dryness, taken up in DMSO, and purified via 
reverse-phase HPLC to give the title compound (0.0443g, 32%); IVIS (ES+) m/e 379 [M+H]*. 



The following examples were prepared from the product of Example 279 using the 
method described in Example 280. 





Example 


Amine 


Characterisation 


281 


2-(4-Amino-furazan-3-yl)- 
1 -ethyM H"imidazoI4,5- 
c]pyridine-7-sulfonic acid 
methylamide 


Methylamine 


MS (ES+) m/e 324 [M+H]* 


282 


2-(4-Amino-furazan-3-yl)- 
1 -ethyM H-imidazo[4.5- 
c]pyridine-7-sulfonic add 
dimethylamide 


Dimethylamine 


MS (ES+) m/e 338 [M+H^: 



Example 283: 2-(4-Amino-furazan-3-yO-1 -ethyl-1 /#-iinidazo[4,5-c]pyridin-7-ol 

OH y 

A solution of the product from Example 100 (2.6 g, 8.41 mmol) In tetrahydrofuran (180ml) at - 
7&*C was treated with a 2.5M solution of n-butyllithlum (8.41ml, 21.03mmol) in hexanes. 
After the addition was complete the mixture was treated with trimethylborate (2.62g, 
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25.23mmol) and allowed to reach room temperature. After 1 .5 hours at room temperature 
the reaction was carefully quenched with 3M aq. NaOH (12.5ml) followed by a 30% aqueous 
hydrogen peroxide solution (4.3ml). After 45 minutes the reaction was acidified with 2M 
hydrochloric acid and then applied to a SCX ion exchange column and eluted with methanol 
5 and then a mixture of methanol/0.880 ammonia (9:1 ). The basic fractions were then reduced 
and the solid residue was triturated with dichloromethane and filtered to afford the title 
compound, (1.2 g, 58%); MS (ES+) m/e 247 [M+H]*. 

Example 284: 4-[1 -EthyI-7-(piperldln-4-ylmethoxy)-1 H-imidazo[4,5-c]pyridin-2-yl]- 
10 furazan-3-ylamine 



Step 1. 4-[2-<4-Amino-furazan-3-yl)-1-ethyl-1 H-imidazo[4,5-c]pyridin-7-yloxymethyl]- 
piperidine-1-carboxylic acid fe/t-butyl ester 

A mixture of the product from Example 283 (0.1g, 0.406mmol) and K2CO3 (0.1 12g, 
0.812mmol) in acetone (3mi) at-78°C was treated with 4-iodomethylplperidine-l-carboxylfc 

15 acid ferf -butyl ester (Vrllalobos, A; et al. J. Med. C/7©m.,1994, 37(17), 2721) 
(0.1 45g, 0.447mmol) and heated at reflux for 18 hours. A further portion of 4- 
iodomethylpiperidine-1-carboxylic acid fe/f -butyl ester (0.145g, 0.447mmol) was then added 
and the heating continued for a further 6 hours. The reaction was then cooled, poured Into 
water, extracted with dichloromethane, dried with NaS04 and reduced. The residue was 

20 chromatographed on silica gel eluting with ethyl acetate to afford the title compound, 
(0.071g, 39%); MS (ES+) m/e 444 [M+H]*. 




H 
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Step 2. 4-[1 -Ethyl-7-(piperidin-4-ylmethoxy)-1 H-imidazo[4,5-c]pyridin-2-yl]-f urazan-3- 
ylamine 

The product from Step 1 (0.071 g, 0.16 mmol) was stirred in trifluoroacetic acid (0.5 ml) and 
diciilorometiiane (1ml) at room temperature for 1 hour and the solution was then co- 
5 evaporated three times with dichloromethane. The residue was purified by silica gel 

chromatography eluting with 0.880 ammonia:methanoi:dichloromethane (1:9:90), to afford 
the title compound, (0.046g, 83%); MS (ES+) m/e 334 [M+H]*. 

Example 285: 4-[1 -Ethyl-7-(piperidin-4-yloxy)-1 H-imldazo[4,5-clpyrldin-2-yl]-f urazan-3- 
10 ylamine 



A mixture of the product from Example 283 (O.lg, 0.406mmoi), 4-hydroxy-piperidine-1- 
15 carboxylic acid tert -butyl ester (0.074g, 0.369mmol) and tributyiphosphlne (0.074g, 
0.369mmoi) In tetrahydrofuran (5mi) was treated with 1,r-(Azodicarbonyl)-dipiperidine 
(0.093g, 0.369mmol) and heated at reflux for 18 hours. The reaction was then cooled to RT 
and then applied to a SCX ion exchange column and eluted with methanol and then a 
mixture of methanol/0.880 ammonia (9:1). The basic fractions were then reduced and the 
20 solid residue chromatographed on silica gel eluting with ethyl acetate to afford the title 
compound. (0.03g, 17%); MS (ES+) m/e 430 [M+H]*. 




Step 1 : 4-[2-(4-Amino-furazan-3-yl)-1-ethyl-1H-imldazo[4,5-c]pyridin-7-yloxy] 



plperldine-1 -carboxylic acid teit-butyl ester 
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Step 2: 4-I1-Ethyl-7-(plperldm-4-yloxy)-1H-imidazoI4,5-<:]pyridIn-2-yl]^^^ 
ylamlne 

The product from Step 1 (0.03g, 0.07 mmol) was treated according to the method of 
Example 284 Step2 to afford the title compound, (0.02g, 87%); MS (ES+) m/e 330 [M+H]*. 

Example 286: 4-{1-ethyl-7-[(E)-2-(4-methoxyphenyl)-vinyll-1 H-imidazo[4,5-c]pyridin-2- 
yl}furazan-3-ylamine 



The product of example 100 (309mg, 1mmol), 4-methoxystyrene (167 uL, 1 .25mmol), 
10 palladiun . . ' mg, O.OSmmol}, o-tolyltriphenylphosphine (30mg, O.IOmmol) a 
. triethylaminc- ,/ ■ . ^ The solution was 

partitioned between ethyl acetate and water, extracting with ethylacetate (x3). Combined 
extracts were washed with water (x3), brine, dried over anhydrous magnesium sulfate and 
concentrated to a crude solid, 450mg, then purified by column chromatography eluting with 
16 1:9:90 ,880 ammonia:ethanol:dlchloromethane affording the title product, 176mg (49%); MS 
(ES+)m/e363 [M+Hf , 

Example 287. 4-[1 -Ethyl-7-(2-plperldin-4-yI-ethyl)1 H-!midazo[4,5-c]pyridln-2-yl]- 
furazan-3-ylamine 
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A solution of 4-vinyl-piperidine-1-carboxyllc acid fert-butyl ester (WO 9620192) (1.2 mM: 252 
mg) in dry tetrahydrofuran (4 ml) was treated with a 0.5M solution of 9-borabicydo[3.3.1]- 
nonane in tetrahydrofuran (1.2 mM; 2.4 ml) and stinred at room temperature for 6 hours 

5 under argon. The mixture was treated with the product of Example 1 00 (1 .0 mM; 309 mg), 
1,1' bis(diphenylphosphino) fen^ocene dichloro palladium (II) complex with dichloromethane 
(25 mg) and a 3M aqueous solution of sodium hydroxide (1 ml). The resulting mixture was 
heated at reflux under argon for 18 hours and purified on a 5g SCX ion exchange cartridge. 
After removal of the solvent in vacuo the resulting yellow gum was treated with trifluoroacetic 

10 acid at room temperature for 2 hours and the solution passed through a 5g SCX ion 

exchange cartridge. The solvent was removed in vacuo and the residue purified on a 5g 
silica solid phase extraction cartridge eluting with 1-5-94 ammohia-methanol- 
dichloromethane to give the title compound as a white solid (23 mg). MS (ES+) m/e 342 
[M+H]+. 

15 

Example 288: 4-(1 -Ethyl-5-oxy-1 H-imldazoI4,5-c]pyrldln-2-yI)f urazan-S-ylamlne 

A solution of the product of Example 1 (200mg, 0.869mmol) in acetic acid (2ml) was treated 
with hydrogen peroxide (30%, O.IOSmg, 0.957mmol) and the mixture heated 90°C for 5 
20 hours. After cooling to room temperature the mixture was poured into sodium carbonate 

solution and extracted with dichloromethane (x4). The organic phase was dried, the solvent 
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was evaporated in vacuo and the residue purified by silica gel chromatography eluting with 
15% methanol in dichloromethane, to afford the title compound (130mg, 53%); IVIS (ES+) 
m/e 247 [M+H]+. 

Example 289: 4-(4-Chloro-1 -^thyl-l H-imldazo[4,5-c]pyridln-2-yl)f urazan-3-ylamine 



A solution of the product of Example 288 (80mg, 0.325mmol) in phosphoais oxychloride 
(4ml) was heated at 120*'C for 6 hours. After cooling to room temperature the mixture was 
concentrated in vacuo and the residue partitioned between dichloromethane and saturated 
sodium hydrogen carbonate solution. The organic phase was dried and the solvent was 
1 0 evaporated in vacuo to afford the title compound (81 mg, 1 00%) which was used directly in 
the next reaction; MS (ES+) nVe 265/267 [M+H]+ 

Example 290: 4^1 ■Ethyl-4-phehyI-1rt-imldaao[4,5-clpyridln-2-yI}iH^t^^^^^^ .-;^tj: 




15 The title compound was prepared from the product of Example 289 and phenylboronic acid 
by the general method described in Example 49. MS (ES+) m/e 307 [M+H]+. 



Example 291 : 4-(1 -Ethyl-4-methyl-1 H-imidazo[4,5-c]pyridin-2-yl)-f urazan-3-ylamine 
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A solution of the product of Example 289 (0.1 g, 0.377mmol) in 1 ,4-dloxan (8ml) was treated 
with a 2M solution of trimethylaiuminium (0.378ml, 0.755mmol) In toluene and 
bls(triphenylphosphine)palladium (II) dichloride (0.026g, 0.0377mmol). The mixture was 
heated at reflux for 4 hours and then cooled to room temperature, quenched carefully with 
5 water, poured into dichloromethane and washed with saturated sodium bicarbonate solution. 
The organic layer was then dried, reduced and the residue chromatographed on silica gel 
eluting with a mixture of dichloromethane and methanol (9.5/0;5) to afford the title 
compound. (0.022g, 13%); MS (ES+) m/e 245 [M+H]*. 

10 Example 292. 4-(7-Bromo-1-ethyl-4-methyl-1H-imldazo[4,5-clpyridin-2-yl)-furazan-3- 
ylamine 



The title compound was prepared from 2-methyl-3-nitro-pyridin-4-ol (J. Med. Chem. 1989, 
32,2474-2485), using the procedures detailed in example 100 step 1, and example 36 steps 
15 1 . 2 and 3; MS (ES+), m/e 323/325 [M+Hf. 

Example 293. I2-(4.Amlno-f urazan-3-yl)-7-bromo-1 -ethyl-1 H-lmldazo[4,5-clpyrldin-4- 
yl]-methanol 
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6:yh 

Br / 

Step 1 : 4-<7-Bromo-1-ethyl-4-methyl-5-K>xy-1HHmidazo[4,5-c]pyridIn-2-yl)-fur^ 
ylamine 

The title compound was prepared from the product of Example 292 using the procedure 
5 detailed in example 155; MS (ES+), m/e 339/341 IM+Hl*. 

Step 2: Acetic acid 2-(4-amino-furazan'^-yl}-7-bromo-1-ethyl-1H-inriidazo[4,5-c]pyridin- 
4-ylmethyl ester 

The product of step 1 (565mg, 1.66mmol) was added to preheated acetic anhydride (5ml, 
53mmol) at 1 in°'> * . ^>!5Ted for 1 hour The reaction was then cooled to RT and applied to 
a Mega Bo; ;, i : - . < -k^ exchange column and eluted with methanol and then a mixture 
of methanol/0.88C ainmonia (9:1). The basic fractions were reduced and the solid residue 
chromatographed on silica gel eluting with a mixture of dichloromethane / diethyl ether (9:1) 
to afford the title compound (300mg, 43%); MS (ES+), m/e 423/425 [M+HJ*. 

Step 3: [2-(4-Amino-furazan-3-yl)-7-bromo-1-ethyl*-1 H-imidazo[4,5-c]pyridin-4-yl]- 
methanol 

To a suspension of the product of step 2 (312mg, 0.74mmol) In methanol (10ml) was added 
20 a 2M aqueous solution of sodium hydroxide (1 .1ml, 2.21 mmol) and the reaction heated at 
reflux for 1 hour. The reaction was then diluted with water (20ml) and aged at room 
temperature for 2 hours. The resulting precipitate was collected, washed with waier and 
dried in vacuo at 45*C for 16 hours to afford the title compound (220mg, 88%); MS (ES+), 
m/e 339/341 [M+H]*. 
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Example 294. 4-(1-Ethyl-4-pyrazol-1-yl-1H-lmidazo[4,5-c]pyridln-2-yl)-furazan-3- 



ylamine 




5 To a solution of pyrazole (472mg, 6.96mmol) in dimethylfomriannide (4ml) at O^'C was added 
portionwlse sodium hydride (60% dispersion in mineral oil, 167mg, 6.96mmol). The reaction 
was then treated with a solution of the product of example 289 (200mg, 0.87mmol) in 
dimethylformamide (2ml) and heated at eo^'C for 3 days. The reaction was cooled and 
diluted with ethyl acetate (25ml), then washed sequentially with saturated sodium 
to bicarbonate solution, water, brine, dried over anhydrous sodium sulfate and evaporated in 
vacuo. The residue was purified using silica gel chromatography eluting with a mixture of 
0.880 ammonia:methanol:dichloromethane (5:95) to afford the title product.(30mg, 12%). MS . 
(ES+) m/e 297 IM+H]+ 

1 5 Example 295: 4-(1 -Cyclopropyl'-6-methoxy-1 H-imldazo[4,5-c]pyrldin-2-yl)-f urazan-3*- 
ylamlne 



Step 1. 4-Methoxy-5-nitro-1H-pyridin-2-one 

To a stirred solution of potassium fert-butoxide (2.8g, 25mmol) in liquid ammonia (30ml) at - 
20 30°C was added dropwise a solution of 4-methoxy-3-nitropyridine (1.54g, lOmmol), tert-butyl 
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hydroperoxide (5M in decane, 2.2ml, 11mmol) in tetrahydrofuran (10ml) over 20 minutes. 
After stirring at -30°C for 30 minutes saturated ammonium chloride solution (ca 5ml) was 
cautiously added and the mixture allowed to warm to room temperature. The ammonia was 
evaporated and the residue diluted with water (50ml). The resulting solid was collected, 
5 washed with water and dried to give the title compound (1 .24g, 73%). |^|-| (ES+) m/e 171 
[M+H]\ 

Step 2. 2-Chloro-4*-methoxy-5-nitropyrldine 

A stinted solution of phosphorous oxychloride (8ml) and N,N-diethylaniline (1.9ml, 12mmol) 
at 0°C was treated with the product of Step 1 (1.7g, lOmmol). The mixture was heated at 
reflux for 3 hours and then cooled to room temperature. The mixture was evaporated in 
vacuo and the residue co-evaporated with toluene. The residue was added to ice-water and 
the solution extracted with ethyl acetate. The organic phase was dried and evaporated in 
vacuo to give the title compound (1.78g, 94%). NMR (CDCI3) 8.82 (1: ^ r .a^> ^ ;;h, s); 
4.06 (3H,s). 

Step 3. 2,4-Dimethoxy-5-nitropyriclln6 

A solution of the product of Step 2 (950mg, 5mmol), sodium methoxide (695mg, 12.5mmol) 
in methanol (10ml) was heated at reflux for 2 hours. After cooling the solvent was removed 
20 in vacuo and the residue partitioned between ethyl acetate and water. The organic phase 
was washed with water and brine, dried and evaporated in vacuo to give the title compound 
(QOOmg. 98%). MS (ES+) m/e 185 [M+H]*. 

Step 4. 4-(1 -Cyclopropyl-6-methoxy-1 //-imIdazo[4,5-c]pyridln-2-yl)-furazan-3-yIamlne 

25 The title compound was prepared from the product of Step 3 using the methods described in 
Example 2 Step 1. followed by Example 1 Steps 2-4; MS (AP+) m/e 273 [M+HJ*. 
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Example 296. 4-(1-Ethyl-6-methoxy-1ff-Imidazo[4,5-c]pyrldin-2-yl)-fura2an-3-ylamlne 

The title compound was prepared from the product of Example 295, Step 3 and ethylamlne 
using the methods described in Example 2, Step1 followed by Example 1, Steps 2-4; MS 
(ES+) m/e = 261 [M+H]*. 

5 

Example 297: 4-(1 -Cyclopropyl-6-phenoxy-1 H-lmidazo[4,5-c]pyridln-2-yl)-f urazan-3- 
ylamine 




Step1. 4-Methoxy-5-nH:ro-2-phenoxypyridine 

10 A solution of phenol (226mg, 2.4mmol) In N,N -dimethylformamlde (5ml) was treated with 
sodium hydride (144mg, 60% dispersion in oil, ?Aa^^,^ After stinring at room temperature, 
for 10 minutes the suspension was added *,> c; -v.i . . . product of Example 295 Step . 
2 (377mg, 2mmol) In N,N -dimethylformamlde /\d6r 2 hours saturated ammonium 

chloride solution was added and the solution was extracted with ethyl acetate. The organic 

15 phase was washed with water and brine, dried and concentrated in vacuo to give the title 
compound which was used directly In subsequent steps. MS (AP+) m/e 247 [M+H]*. 

Step 2. 4-(1 -Cyciopropyl-6-phenoxy-1 H-imidazo[4,5-c]pyridin-2-yl)f urazan-3-ylamine 

The title compound was prepared from the product of Step 1 using the methods described in 
20 Example 2 Step 1, followed by Example 1 Steps 2-4; MS (AP+) m/e 335 [M+H]*. 

Example 298. 4-(1 -Ethyl-e-phenoxy-l H-Imidazo[4,5-c]pyrldin-2-yl)furazan-3-ylamlne 
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Step 1. 2-Chloro-4-(ethylamino)-5Hfiitropyridine 

A solution of 4-(ethylamlno)-2-methoxy-5-nftropyridine (5.0 g, 25.3 mmol) In POCU (25 mL) 
was heated to 100 °C in a sealed tube for 1 week. The reaction mixture was cooled and 
concentrated and the residue was taken up In EtOAc/ H2O and carefully quenched with sat. 
5 K2CO3. The aqueous layer was extracted with EtOAc, washed with H2O, dried (MqSOa) and 
concentrated to give an orange oil which solidified on standing which was used without 
further purification. MS (ES+) mie 202 [M+H]*. 

Step 2. 4-(Ethylamino)-5-nltro-2-phenoxypyridine 

A solution of sodium phenoxide (prepared from phenol and NaH) (6 mmol) in THF (3 mL) 
was added to a solution of the product from Step 1 (600 mg, 3.0 mmol) In THF (2 mL) and 
the resulting solution was heated to reflux ovemlght. The solution was cooled, poured Into 
H2O and extracted with EtOAc. The organic layers were washd with H2O and brine, dried, 
filtered and concer.:r^ ^ l * v*' a residue which was purified by column chromatography (5- 
80% EtOAc in v.^v ^ - ; ^v ' .w Vii.a fcompound which was used directly in the next step. MS 
(ES+) nVe 260. [M+H]' . 

Step 3. 4-{1 -Ethyl-6-phenoxy-1 //-innidazo[4,5-c]pyrIdin-2-yl)furazan-3-ylamlne 

The title compound was prepared from the product of Step 2 using the methods described In 
20 Example 1 Steps 2-4; MS (ES+) m/e 323 [M+Hr. 

The following compounds were prepared from the product of Example 298, Step 1 , 
by the method of Example 298 Steps 2-3. 





Example 


Phenol 


Characterisation 
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299 


4-(1-Ethyl-6-(4- 
fluorophenoxy)-1 H- 

inrnciazo[4,o-cjpynain-iC- 
yl)fura2an-3-ylamine 


4-fluorophenoI 


MS (ES+) m/e 341 IM+Hf 


300 


N-(3-{[2-(4-f urzan-3-yl)-1 - 

ethyl-1H-imidazo[4,5- 

c]pyridin-6- 

yl]oxy}phenyl)acetamide 
hydrochloride 


3-acetamidophenol 


MS (ES+) m/e 380 [M+H]* 


301 

: 


N-(4-{[2-(4-furazan-3-yl)- 
1 -ethyM H-imidazo[4,5- 
c]pyridin-6- 

yl]oxy}phenyl)acetamide 
hydrochloride 


4-acetamidophenol 


MS (ES+) m/e 380 [M+HJ* 



Example 302. 2-(4-amino-f urazan-3-yl)-1 -^thyl-N-phenyl-l H-imldazo[4,5-c]pyridin-6- 
amine 

5 Step 1. 4-(Ethylamino)-5-nitrO'2-(phenylamino)pyricline 

Aniine (1.4 mL, 15 mmol) was added to the product from Example 298, Step 1 (600 mg, 3.0 
mmol) In THF (5 mL) and heated to reflux overnight. The solution was cooled, poured Into 
H2O and extracted with EtOAc. The organic layers were washd with H2O and brine, dried, 
filtered and concentrated to give a residue which was purified by column chromatography 
10 (20-100% EtOAc in hex) to give the title compound which was used directly in the next step. 
MS (ES+) m/e 259. [M+H]*. 
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Step 2. 2-(4-Amino-f urazan-3-yl)-1 -ethyl-N-phenyl-1 H-imida2o[4,5-c]pyrldln-6-amlne 

The title compound was prepared from the product of Step 1 using the methods described in 
Example 1 Steps 2-4; MS (ES+) m/e 322 [M+H]*. 

5 Example 303. 4-(1 -Ethyi-6-methylsulfanyl-1 H-imidazo[4,5-c]pyridin-2-yl)-f urazan-3- 
ylamine 

Step 1. Ethyl-(2*methylsulfanyl-5-nitro-pyridln-4-yl)-amlne 

Sodium methyl thiolate (308 mg, 4.4 mmol) was added to a solution of the product from 
10 Example 298, Step 1 (800 mg, 4.0 mmol) in DMF (20 mL). After 5 min the reaction mixture 
was poured Into H2O and extracted with EtOAc. The organic layers were washd with H2O 
and brine, dried, filtered and concentrated to give an oil which solidified on standing and was 
used without further purification. MS (ES+) m/e 214. [M+H]"^. 

15 Step 2. Ar-4-ethyl-6-methylsulfanyl-pyridlne-3,4-dlamine 

The title compound was prepared from the product of Step 1 using the method of Example 
177 Step 4. MS (ES+) m/e 184. [M+Hf. 

Step 3. 4-(1 -Ethyl-6-methylsulf anyl-1 H-imidazo[4,5-c]pyridin-2-yl)-f urazan-3-ylamine 

20 The title compound was prepared from the product of Step 2 using the method of Example 1 , 
Steps 3-4. MS (ES+) m/e 277. [M+H]*. 

Example 304. 4-[1 -[4-(2'-DImethylamlno-ethoxy)-phenyi]-6-(4-fluorophenoxy)-1 H- 
Imidazo[4,5-c]pyridfn-2-yl]-furazan-3-ylamine 

25 

Step 1. (2-Chloro-5-nitro-pyridin-4-yl)-(4-methoxyphenyl)-amine 
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Anisole (908 mg, 7.4 mmol) was added to a solution of 2,4-dichloro-5-nitropyridine (1.30 g. 
6.7 mmol) and triethylamlne (1 .02 mL, 7.4 mmol) in THF (5 mL). The mixture was allowed to 
stir at rt for 1 li, tlien was poured into H2O and extracted with EtOAc. The organic layers 
were washd with H2O and brine, dried, filtered and concentrated to a residue which was 
5 purified by column chromatography (5-50% EtOAc In hex) to give the title compound as an 
orange solid, 1.46 g (78%). MS (ES+) m/e 280 [M+H]*. 

Step 2. 4-[1 -[4-(2-Dlmethylamlno-ethoxy)-phenyl]-6-(4-fluorophenoxy)-1 H-lmidazo[4,5- 
c]pyrid!n-2-yl]-furazan-3-ylamine 
10 The title compound was prepared starting ffom the the product of Step 1 by the method of 
Example 299, followed by the method of Example 38, followed by the method of Example 
41. MS (ES+) m/e 476. [M+HJ*. 

Example 305: 4-(1 -Cyclopropyl-6-methy! " ?; v-'i^a^^ r^?4.5-c]pyridin-2-yl)-furazan-^r 
15 ylamine 




The title compound was prepared firom 2,4-dichloro-6-methyl-3-nitropyridlne (R.J.Chorvat et 
aL. J, Med. Chem., 1999, 42. 833-848) using the methods in Example 2 Step 1. followed by 
Example 1 Steps 2-4; MS (ES+) m/e 257 [M+H]*. 

20 

Example 306: 4-(1-Cyclopropyl-6-methyi-5-oxy-1//-imiclazo[4,5-c]pyrid!n-2-yl)-furazan- 
3-ylamine 
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A solution of the product of Example 305 (256mg, 1mmol) and mefa-chloropertjenzoic acid 
(50%, 414mg, 1.2mmol) in dichloromethane (10ml) was stin-ed at room temperature for 1 
hour. The solution was diluted with dichloromethane and the organic solution washed with 
5 aqueous sodium thiosulphate, saturated sodium bicarbonate solution, water and brine, dried 
and concentrated in vacuo to give the title compound (242mg, 89%). MS (ES+) m/e 273 



Example 307. 4-(9-Cyclopropyl-2-methyIsulfanyl-« H-purin-8-yl)-furazan-3-ylamine 



Step 1 . (6-ChIoro-2-methylsulfanyl-5-nKro-pyrimldlne-4-yl)-cyclopropyl-amlne 

4.6-Dichloro-5-methylsulfanyl-5-nitro-pyrimidine (PCT Int Appl. (2003). WO 0302544 
(14.1g, 59 mmol), and triethylamine (8.2 ml, 59 mmol) were dissolved in ethanol (400 ml) 

15 containing tetrahydrofuran (50 ml) at -60*0. Cycloproplyamine (4.06 ml, 59 mmol) was 
added dropwise maintaining an internal temperature of -60°C and stinred slowly to room 
temperature over 3 hours. The solution was concentrated in vacuo and the resdiue slurried 
in diethyl ether. Solid triethylamine hydrochloride was filtered, washed with diethyl ether and 
the filtrate concentrated In vacuo to afford a crude solid. The solid was purified by column 

20 chromatography eluting with a gradient of 40% dichloromethane in hexane to 

dichloromethane, to afford the title compound (17.89g, 97%); MS(ES+) m/e 260/262 [M+H]*. 
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Step 2. 6-chloro-N4-cyclopropyi-2-inethansulfanyl-pyrimidine-4,5-diamine 

The product of step 1 (5.21g, 20 mmol) was dissolved In ethanol (.150 ml) containing 
tetrahydrofuran (150 ml) and hydrogenated at 1 atmosphere for 5 hours at room temperature 
over 10% palladium on charcaol. The catalyst was filtered and the filtrate concentrated in 
vacuo to afford the title product (4.02g 87%) that was used in the next step without further 
purification: MS(ES+) m/e 231/233 [M+H]*. 

Step 3. (6-Chloro-9-cycIopropyl-2-methylsull3nyl)-9H-purin-8yl)-acetonitrile 

The title product was obtained from product of step 2 using an analogous procedure to that 
used in example 1 step 3; MS(ES+) m/e 279/281 [M+H]*. 

Step 4. (9-Cyclopropyl-2-methylsulfanyl-9H-purln-8-yl)-acetoniti1Ie 

The product of step 3 (81 mg, 0.3 mmol) and zinc powder (300 mg. 4.6mmol) were heated at 
\ ?N aimmonium chloride solution (10 ml) and toluene (5mi) for 48 hours. The crude 
A x .v£.s filtered through celite and the filtrate extracted wltfi ethyl acetate (x3). The 
combined extracts were washed with water (x3), brine, dried over anhydrous magnesium 
sulfate and concentrated in vacuo to afford a crude solid. The solid was purified by column 
chromatography eluting with a gradient of hexane to ethyl acetate to afford the title 
compound (50 mg. 68%); NMR (CDCI3) 8.87 (1H s), 4.15 (2H, s), 3.29 (1H. m). 2.65 (3H. 
s). 1.34 (4H. m). 

Step 5. 4-(9-Cyclopropyl-2-methylsulfanyl-9 H-purin-8-yl)-furazan-3-ylamlne 

The title compound was prepared from the product of step 4 using an analogous procedure 
to that used in example 1 step 4; MS(ES+) m/e 290 [M+HJ*. 

Example 308: 3-(1-Ethyl-1 H-imldazo[4,5-c]pyridin-2-yl)-pyrazin-2-ylaniine 
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To polyphosphoric acid, preheated to 130°C, was added in one portion an intimate mixture of 
the product of Example 1 Step 2 (206 mg, 1.5 mmol) and 3-aminopyraz[ne-2-carboxylic acid 
(230 mg, 1.65 mmol). The temperature was increased to195^C for 1 hour and then cooled 

5 back to 1 30^C for a further 1 hour. The viscous oil was poured on to ice containing saturated 
sodium carbonate solution and diethyl ether (5 ml) and the aqueous solution was extracted 
with chlorofomi (x5). The combined organic extracts were washed with brine, dried over 
anhydrous magnesium sulfate and concentrated in vacuo.. The crude solid was purified by 
silica gel chromatography eluting with a gradient of dichloromethane to 0.880 

1 0 ammonia:ethanol:dichloromethane (1 :9:40), to afford the title compound. (20mg, 6%); 
MS(ES+) m/e 241 [M+H]^ 

Example 309: 4-(1 -Ethyl-1 H-imldazo[4,5-c]pyrldin-2-yl)-1 H-pyrazol-S-ylamincj 



15 Step 1. DimethyIamlno-(1-ethyI-1H-lmIdazoI4,5-c]pyrldln-2-yI)-aciylonitrlle 

The product of Example 1 Step 3 (334mg. I.Smmol) and A/,A/-dimethylformamide 
dimethylacetal (214mg, I.Smmol) in o/f/)o-xylene (4ml) was heated under reflux for 45 min. 
After cooling, the solution was concentrated and the residue co-evaporated with toluene (x3) 
to afford the title compound which was used directly In the next step; MS (ES+) m/e 242 
20 (M+H)*. 
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Step 2. 4-(1-Ethyl-1H-lmldazo[4,5-c]pyridln-2-yl)-1H-pyra20l-3-ylamine 

The product of Step 2 (217mg, 0.9mmol) and hydrazine hydrate (90mg, 1 .8mmol) in 
methanol (5ml) was heated under reflux for 5 hours. After cooling, the reaction mixture was 
concentrated and the residue purified by silica gel chromatography eluting with 0.880 
5 ammonia:ethanol:dlchloromethane (1 :9:90), to afford the title compound, (27mg, 1 3%); MS 
(ES+) m/e 229 [M+H]*. 

Example 31 0. 2-(4-Amlno-fijra2an-3-yl)-1 -ethyl-1 H-im ldazoI4,5-clpyrldlne-7- 

carbaldehyde 



A solution of the product from Example 100 (0.1 g, 0. : ^ •. • . ihydrofuran (4ml) at - 
78°C was treated with a i.6M solution of n-butyllithiun, : . i^mmoi) In he)«nes. After . 
5 minutes the mixture was treated with dimethylfomiamide (0.3ml) and allowed to reach 
room temperature. After 30 minutes at room temperature the reaction was carefully 
15 quenched with water and extracted into dichloromethane (x2). The organic layer was then 
washed with brine, dried (NaaSO*) and reduced in vacuo. The residue was purified by silica 
gel chromatography eluting with ethyl acetate, to afford the title compound, (0.034g, 41%); 
MS (ES+) m/e 259 [M+H]*. 




20 



Example 311. [2-(4-Amlno-furazan-3-yl)-3-ethyl-3 H-imidazo[4,5-c]pyrldin-4-yll- 



methanol 
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A solution of the product from Example 310 (0.1 50g, 0.577mmol) In methanol (10ml) was 
treated with sodium borohydride (0.024g, 0.635mmoi) and stin-ed at room temperature for 1 
hour. The mixture was then treated with a few drops of acetic add and then applied directly 
5 to an sex Ion exchange cartridge and washed with methanol and then a mixture of 0.880 
ammonia and methanol (1:9). 

The basic fractions were combined and reduced to furnish the title compound without 
further purification; MS (ES+) m/e 263 [M+H]+. 

10 Example 312. [2-(4-Amino-furazan-3-yl)-1-ethyl-1H-imldaa)I4,5-c]pyridin-7-ylmethyIl- 
(1-(2-methoxy-ethyI)-plporiclln-4-yl]-amine 



15 Step 1. 1-(2-methoxy-ethyl)-piperldin-4-yll-carbamIc acid terf-butyl ester 

A mixture of piperidin-4-yll-carbamic acid fe/f-butyl ester (500mg, 2.5mmol), potassium 
carbonate (621 mg, 4.5mmol) and 1-bromo-2-methoxyethane (382mg. 2.75mmol) in ethanol 
5ml) was heated at reflux for 18 hours. After cooling to room temperature the mixture was 
filtered and the filtrate concentrated in vacuo. Purification of the residue by silica gel 




o 
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chromatography eluting dichloromethane/methanol/0.880 ammonia (100:10:1) gave the title 
compound (500mg. 78%); MS (ES+) m/e 259 [M+H\*. 



Step 2. 1-(2-Methoxy-ethyl)-piperidin-4-ylamlne 

5 The title compound was prepared from the product of Step 1 using the method of Example 
21; (165mg. 54%); MS (ES+) m/e 159 [M+H]*. 

Step 3. [2-(4-Amlno-furazan-3-yl)-1 -ethyl-1 H-imldazo[4,5-c]pyridln-7-ylmethyl]-[1 -(2 
methoxy-ethyl)-piperidin-4-yl]-amine 
10 The title compound was prepared from the product of Step 2 the product of Example 310 
using the method of Example 149; MS(ES+) m/e 401 [M+H]*. 

Example 313 : 4-(3-ethyl-3 H-lmldazo[4,5-c]pyridin-2-yl)-furazan-3-ylamine 




15 

Step 1. EthyI-(4-nitro-1-oxy-pyridin-3>yl)-amine 

A solution of 3-bromo-4-nitropyrimidine-1 -oxide (Daisley, R.W., Hanbali, J.R.; Org. Prep. 
Proced. Int., 1983, 15(4), 280) (8.1g, 37mmol) In chloroform (250ml) at 0°C was teated with 
20 ethylamine (70% aqueous solution, 25ml). After stiring at room temperature for 3 hours 

additional ethylamine solution (25ml) was added and stirring continued for a further 3 hours. 
The solution was concentrated in vacuo and the residue was purified by silica gel 
chromatography, eluting with a gradient of 10% ethylacetate/he)«ine to ethylacetate to afford 
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the title compound. (3.68g, 54%); NMR (CDCI3) 8.02 (1H. d, J 7.6H2). 7.92 (1H, d, J 
1.6Hz). 7.81 (1H. br s). 7.46( 1H. dd. J=7.6. 1.6Hz). 3.32 (2H. m). 1.40 (3H, t. J 7.2Hz). 

Step 2. N-3-ethyl-pyricline-3,4-cllainlne 

5 The product of step 1 (3.68g, 20mmol) was dissolved In a 1:1 mixture of 

ethanohtetrahydrofuran (300ml) and hydrogenated at room temperature and atmospheric 
pressure using raney nickel (ca. 1g) for 18 hours. The catalyst was removed by filtration on a 
filter aid pad and the filtrate concentrated in vacuo to afford the title compound which was 
used without further purification, (2.72g. 99%); 'H NMR (DMSO) 7.53 (2H, m), 6.43 (1H, d. J 

10 4.8Hz). 5.50 (2H, br s), 4.42 (1H. br s), 3.01 (2H. m). 1.21 (3H. t. J 7.2Hz) 

Step 3. 3-ethyl-3H-imidazoI4,5-c]pyrldin-2-yl)-acetonltrlle 

The title compound was prepared from the product of step 2 using the analogous procedure 
to that used In example 1, steps. (1.56g. Ilmmol), affording (1.09g. 49%); NMR (C / - 
15 8.88 (1H d, J 0.8Hz). 8.49 (1H. d. J 5.6Hz), 7.68 (1H, dd. J 5.6, 0.8Hz). 4.38 (21-:, ^ 
7.4Hz). 4.13 (2H, s), 1.59 (3H. t, J 7.4Hz). 

Step 4. 4-{3-ethyl-3H-lmidazo[4,5-clpyrldin-2-yl)-furazan-3-ylamine 

The title compound was prepared from the product of step 2 using the analogous procedure 
20 to that used In example 1, step 4. (1.03g. 5.5 mmol) affording (240mg. 49%); MS(ES+) m/e 
231 [M+H]*. 

Example 314: 4-(3-Ethyl-5-oxy-3H-lmldazo[4,5-c]pyrldln-2-yl)-furazan-3-ylamine 
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The product of Example 31 3, Step 4 (362mg, 1 .6mmol) In acetic add (2ml) was treated with 
30%wt aqueous solution of hydrogen peroxide (432mg, 3.1mmol) and the solution was 
heated at 80°C for 18 hours. After cooling to room temperature the mixture was basified with 
solid sodium carbonate and extracted with chloroform (x5). The combined extracts were 
5 washed with brine, dried over anhydrous sodium sulfate and concentrated in vacuo. The 
residue was purified by column chromatography eluting with 0.880 
ammonia:ethanol:dichloromethane (1:9:90 ) to afford the title product, (370mg, 96%); 
MS(ES+) m/e 247 [M+H]*. 

1 0 Example 31 5: 4-{3-ethyI-4-methoxy-3H-lmidazo[4,5-clpyrldin-2-yl)-f urazan-3-ylamlne 



The product of Example 314 (370mg, 1.5mmol) in phospf - . ''^ / ^^e (5ml). was 
heated at reflux for 4 hours. The solution was cooled and vt^^ toluene, the : 

residue was basified with ice cold sodium carbonate and the aqueous solution extracted with 

15 ethyl acetate (x3). The combined extracts were washed with brine, dried over anhydrous 

sodium sulfate and concentrated in vacuo. The residue was suspended in a solution of 50% 
sodium hydroxide (5ml), containing methanol (5ml) and heated at 80*^0 for 5 hours. The 
solution was concentrated in vacuo and the resulting wet solid that was extracted with ethyl 
acetate (x3). The combined extracts were washed with water (x2), brine, dried over 

20 anhydrous sodium sulfate and concentrated in vacuo. The residue was purified by column 
chromatography eluting with a gradient of dichloromethane to 0.880 
ammonia:ethanol:dichlorormethane (1:9:90), to afford the title compound (30mg, 8%); 
MS(ES+) m/e 445 [M+H]*. 
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Example 31 6: 4-[1 -(2-Methanesulf onyl-1 ^,3,4-tetrahydro-lsoqulnolIn-7-yl)-1 H 
lmidazo[4,5-c]pyridln-2-yl]-furazan-3-ylamine 




To a 0 oc solution cx)ntaining 19 mg of example 97 (0.05 mmols) in 0.5 mL of dry DMF and 
5 0.22 mL of of triethylamine, was added 7 mg of methanesulfonyi chloride (0,06 mmols). The 
reaction mixture turned yellow. After stining at 0 for 30 min.. the reaction mixture was 
partitioned between 5 mL water and 10 mL of EtOAc. The organic layer was washed with 
water (2X5 mL), dried over MgS04, filtered, and concentrated in vacuo. The resulting 
residue was purified by Gilson reverse-phase HPLC to yield the title compound (3 mg, 14%). 
10 MS(ES+)m/e412[M+H]+ 
PharmcyExamples 
Tablets 



a) Compound of the invention 50.0mg 

Lactose 70.0mg 

15 Microcrystalline Cellulose 70.0mg 

Cross-linked polyvinylpyrrolidone S.Omg 

Magnesium Stearate 2,0mg 

Compression weight 200.0mg 



20 The compound of the invention, microcrystalline cellulose, lactose and cross-linked 

polyvinylpyrrolidone are sieved through a 500 micron sieve and blended in a suitable mixer. 
The magnesium stearate is sieved through a 250 micron sieve and blended with the active 
blend. The blend is compressed into tablets using suitable punches. 

b) Compound of the invention 50.0mg 

25 Lactose 120.0mg 
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Pregelatinised Starch 20.0mg 

Cross-linked polyvinylpyrrolidone S.Omg 

Magnesium Stearate 2,0mq 

Compression weight 200.0mg 



5 The compound of the Invention, lactose and pregelatinised starch are blended together 

and granulated with water. The wet mass Is dried and milled. The magnesium stearate 
and cross-linked polyvinylpyrrolidone are screened through a 250 micron sieve and 
blended with the granule. The resultant blend is compressed using suitable tablet 
punches. 

10 Capsules 



a) Compound of the invention SO.Omg 

Lactose 148.0mg 

Magnesium Stearate 2.0mq 

Fill weight 200.0mg 



15 The compound of the invention and pregelatinised starch are screened through a 500 

n ' -r^ v^ieve, blended together and lubricated with magnesium stearate, (meshed 
fi, '\ 250 micron sieve). The blend Is filled into hard gelatine capsules of a suitably 
size. 



b) Compound of the invention SO.Omg 

20 Lactose 132.0mg 

Polyvinylpynrolidone S.Omg 

Cross-linked polyvinylpyrrolidone S.Omg 

Magnesium Stearate 2.0mg 

Fill weight 200.0mg 



The compound of the invention and lactose are blended together and granulated with a 
solution of polyvinylpyrrolidone. The wet mass is dried and milled. The magnesium 
stearate and cross-linked polyvinylpyrrolidone are screened through a 250 micron sieve 
and blended with the granules. The resultant blend is filled into hard gelatine capsules 
30 of a suitable size. 
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Inlection Formulation 



Compound of the invention 
Water for injections BP. to 



% w/v 
0.10 
100.00 



Sodium chloride may be added to adjust the tonicity of the solution and the pH may be 
adjusted to that of maximum stability and/or to facilitate solution of the compound of the 
invention using dilute acid or alkali or by the addition of suitable buffer salts. 
Solubilisers, such as cosolvents, may also be added to facilitate solution of the 
compound of the invention. Antioxidants and metal chelating salts may also be 
included. The solution is clarified, made up to final volume with water and the pH 
remeasured and adjusted if necessary, to provide 1mg/ml of the compound of formula 



The solution may be packaged for Injection, for example by filling and sealing 
in ampoules, vials or syringes. The ampoules, vials or syringes may be aseptically filled 
(e.g. the solution may be sterilised by filtration and filled into sterile ampoules under 
aseptic conditions) and/or temilnally sterilised (e.g. by heating in an autoclave using oi i€-^ 
of the acceptable cycles). The solution may be packed under an inert atmosphere of 
nitrogen. 

Preferably the solution Is filled into ampoules, sealed by fusion of the glass 
and terminally sterilised. 

Further sterile formulations are prepared in a similar manner containing 0.05, 
0.20 and 0.5% w/v of the compound of the Invention, so as to provide respectively 0.5, 2 
and 5mg/ml of the compound of the invention. 



(I). 



Biological Activity 
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Rhokinase Activity 

Using the test procedure described in ttie specification the compounds of the examples 
where found to have a plC50 in the range 9 to 5.2 

Msk-1 Activity 

5 The compounds of the examples have a plC50 value in the range of 9.28 to 5.1 5 

The compounds of the invention are essential non- toxic at therapuetlcally 
useful doses. Thus no adverse effects were observed when compounds of the invention 
have been administered to rats at a dose of 10mg/kg. 
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